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ABSTRACT
This thesis is concerned with the economic and political development of Southeast Asia, at the 
transition to the rise of merchant capital and globalised markets, in the later sixteenth to mid­
seventeenth century AD. The conceptual indeterminacy in understanding these developments in 
Southeast Asia is a central problem that I seek to redress.
In order to develop the theoretical component of this study a number of methodological and 
substantive issues are addressed. The strengths and weaknesses of viewing the Asian pre­
modem World System as a prestige goods economy are discussed in relation to the question of 
appropriate scales of analysis, and in relation to theories of urban development in coastal and 
inland economies of Southeast Asia of the later first and second millennium AD. The 
methodological and theoretical background to the comparative analysis of stoneware production 
as a institution of the Asian World System is discussed. I establish the methodological 
parameters for a problem-oriented elemental analysis of ceramics. Issues addressed include 
analytic protocols, data interpretation, and the elemental characterisation of production 
trajectories. The results of the analysis of wares from production centres in northwestern 
Thailand, Lao People's Democratic Republic (Lao PDR) and Burma are given.
An archaeological reconnaissance of burials and monuments in the adjacent uplands are 
described both in terms of site size and distribution, and of the chronométrie and analytic 
results. The specific historical context of this period is outlined, with a political account of the 
relationship between upland and lowland groups of the early modem period in Southeast Asia. I 
focus on the association of mined Buddhist monuments with upland burial sites, and the role of 
slavery in the political economy of the uplands. In conclusion, I reconsider the implications for 
the World System of prestige goods and commodities, and the political, economic and cultural 
dimensions of the transition from the pre-modem to the early modem period in Southeast Asia.
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Chapter 1
In this thesis I critically assess political and economic accounts of the globalisation of merchant 
capitalism for mainland Southeast Asia in the sixteenth century AD (Figure 1.1). The period 
involved wide-ranging political and economic transformations that we have come to recognise as 
the beginnings of the modem era, and the transition from a pre-modem to an early modem 
economy. The shift is marked by unprecedented flows of monetary media and interregional trade 
which had the effect of pulling global markets together. One of the major consequences of the 
expanding pattern of commodity trade was the heightening of social and economic contrasts 
between core and peripheral regions.
As formulated by Wallerstein (1974), the scale and rate of social and economic transformations 
of the modem world begins in the sixteenth century with the growth of the modem market. The 
establishment of global long-distance maritime trade and the systematic movement of bulk 
commodities (e.g., Braudel 1972) facilitated a worldwide division of labour, and a fundamental 
distinction between core countries and peripheries linked by unequal exchange. In the modem 
World System high profit, capital intensive goods from the core are exchanged for low-profit, low 
capital goods of the periphery (Hodges 1988: 30). The World System interpretation has also been 
used to relate regional and supra-regional economic and political processes and transformations 
in pre-modem periods. In a pre-modem World System, however, unequal exchange is based on 
the movement of prestige goods, rather than bulk commodities (e.g., Algaze 1993; Frank 1994; 
Lombard 1972).
The division of traded items between prestige goods and commodities (e.g., Gregory 1983) is part 
of a larger dichotomy between "pristine" and capitalist social formations (e.g., Kohl 1989).
Debate surrounding the role of bulk commodities and of long-distance prestige goods in social 
change reveals a level of indeterminacy in the conceptualisation of pre-modem core-periphery 
economies and the modem World System. In other words, the distinctions between, for example, 
a pre-modem barter and a modem market economy (e.g., Ishii 1993), and between contemporary 
core and peripheral economies (e.g., Thomas 1992) are based on a similar suite of theoretical 
concepts. The ability to differentiate between chronologically and spatially distinct economies is 
problematic for a large body of historical, anthropological, and economic literature concerned 
with the operation of wealth, prestige and power, the control of specialised production of goods 
and commodities, and the role of consumption (e.g., Shipton 1989). This chronological and 
spatial indeterminacy stems from (1) the limitations of a unilinear evolutionary approach to social 
difference, (2) the weaknesses in a World Systems approach to explain changes in material 
culture, and (3) the conflicting paradigms that can be accommodated within overarching 
interpretative frameworks (e.g., Fletcher 1992). These are problems that I seek to address in the 
course of the study.
Figure 1.1: Regional map of Thailand showing uplands and lowlands and the principal historical 
towns including Ayyuthaya. Inset is the region of northwestern Thailand that is the focus of this
study.
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The study is situated in what is now known as northwestern Thailand, mainland Southeast Asia, 
for three reasons. Firstly, the geographic position and natural resources of Southeast Asia 
ensured its central place in the expanding commercial networks of the early modem period 
(e.g., Reid 1988). Secondly, the large scale ceramic production complexes in northwestern 
Thailand are a unique source of evidence for the character of specialised production over this 
period because they continued over several hundred years from the pre-modern period into the 
early modern era. Finally, the uplands of northwestern Thailand provide an opportunity to test 
World System theory since they fit the definition of a periphery. Upland burials provide new 
evidence for changing relations between producers and consumers from the pre-modem to 
early modern period. These data challenge the conventional compartmentalisation of 
marketised and peripheral non-marketised economies, and allow me to reassess the transition 
from the pre-modern to modem period through a reconstruction of material and social relations 
in the region.
Southeast Asia provides a large body of data relevant to the study of uneven socio-political 
development and local responses to supra-regional patterns of trade and exchange. Even before 
the early modern era, Southeast Asia was a major participant in international commerce (e.g. 
Lombard and Aubin 1988; Ray 1989; Abu-Lughod 1989). For the first millennium AD for 
example, it has been noted that:
The temporal coincidence of the political, economic, and cultural changes in early Southeast Asia 
is not accidental. Rather, this convergence is indicative of the profound impact that participation in 
a supra-regional exchange network may have on the socioeconomic structure of communities at a 
pre-state level o f socio-political organisation (Algaze 1993).
In the first millennium AD, disparities between political and economic development of 
Southeast Asia are evident. The process of "indianisation" (Coedes 1968; Mabbett 1977a; 
Mabbett 1977b) has been noted to 'have lagged well behind state development' (Vickery 
1985a: 13 following Bronson 1979), while 'the indicated volume of extra-regional trade is very 
large' for remote and undistinguished inland sites such as Chansen in central Thailand (Bronson 
1979) . This lag is in part responsible for the separation of socio-political developments in pre­
modern Southeast Asia; an opposition between autochthonous institutions on the one hand, and 
supra-regional transfer mechanisms on the other (Evers 1988: 91; Manguin 1993: 211; cf., 
Wheatley 1975). A number of authors have argued for the increasing importance of supra- 
regional exchange in the social and economic developments of Southeast Asia in the later first 
and early second millennium AD as part of a pre-modern Asian World System, where 
Southeast Asia was linked to India and China through an integrated sphere of commercial 
interaction (Abu-Lughod 1989; Glover 1990; Satyawadhna 1992). Wheatley for example, 
concludes that:
Perhaps the most significant fact that emerges ... is the dual role of Southeast Asia as a primary 
producer for the China trade, and as a gigantic entrepot funnelling the varied wealth of South and 
Southwest Asia northwards to the all but insatiable markets of China (1959: 40).
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Subsequent to the collapse of the overland "Silk Route" by the thirteenth century AD, long­
distance maritime trade routes connecting China, India and Mediterranean Europe opened up in 
the fourteenth, fifteenth and sixteenth century AD (Chaudhuri 1985; Curtin 1984; Favier 1987; 
Subrahmanyam 1990). During this time Southeast Asian economic involvement intensified and 
was accompanied by the rapid expansion of local social, economic and political institutions. By 
the seventeenth century AD, however, the effects of a marked downturn in global economic 
activity were magnified, and economic contraction resulted in a general withdrawal from 
international commerce and subsequent impoverishment (Reid 1993b).
Implicit in the historical evidence summarised above is a degree of economic dependency of 
lowland groups on upland resources. Stimulated by the external market for raw materials and 
exotic forest products, Southeast Asian involvement in long-distance trade through the 
development of networks of exchange and lowland political control, also placed unprecedented 
demand on upland resources of the region (Bronson 1992; Vickery 1987a; Wang 1958;
Whitmore 1977). Because the regions in which upland societies that were sucked into the 
periphery have undergone less development than lowland areas, I argue that the uplands should 
contain evidence of region-wide economic and political processes that is no longer preserved for 
adjacent lowland polities of the same period.
Historical studies concerned with the rise of urbanised, hierarchically stratified lowland polities, 
or states, in Southeast Asia during the later first and second millennium AD have overlooked the 
uplands as a valuable interpretative resource. While tacitly recognising the extensive international 
trading relationships that involved Southeast Asia in the pre-modem period, such studies have 
ignored the political implications of these relations. As a result, an unnecessarily limited 
perspective for the scale of economic and political transformation in this period has been 
propagated (e.g, Gosling, 1991; Gullick 1965; Hagesteijn 1989; Hall 1985; Kennedy 1977b; 
Wheatley 1975; cf., Christie 1991; Reynolds 1995). Further, the archaeological construction of 
pre-modem occupation in the uplands has been hindered by the sparse and unevenly distributed 
character of upland research remains (e.g. Higham 1989). This has had the effect of confining 
archaeological interpretations of upland societies to extending the conventional preoccupation 
with the localised agrarian base of lowland social and political development. Bellwood for 
example, argues that:
In the more mountainous zones...the 'hill tribe’ phenomenon of mainland Southeast Asia- the 
expansion into high altitudes from the north of shifting agriculturalists- is a relatively recent 
phenomenon mainly limited to the historical period (1992: 120).
A series of upland burial sites of northwestern Thailand are an important new source of 
archaeological evidence for upland social and political organisation and interaction with lowland 
centralised polities in the early modem period (Vallibhotama 1986). These sites, through patterns 
of burials and settlement, as well as local and regional patterns of ceramic exchange, represent
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local interaction within region-wide processes, and provide an opportunity to examine the upland 
evidence for the onset of unequal exchange relations of the sort predicted by the World System 
model. In view of the abundant evidence for local participation in supra-regional trade, the 
isolation of upland subsistence from lowland marketised economies underplays the value of 
upland developments for understanding changes in the regional picture.
A World System perspective provides an appropriate organisational scheme for understanding the 
social impact of the economic transformations for Southeast Asia in the second millennium AD. 
But the heavy reliance on better documented entities to account for the operation of political, 
economic, and social institutions in early modem Southeast Asia is methodologically unsound and 
assumes institutional development and unilinear evolution. While long term continuities are 
evident for a range of institutions in the region (e.g., the temple economy, the ruler as divine 
monarch, slavery), many of the social and political institutions and processes of early modem 
Southeast Asia defy ready characterisation (e.g., Reynolds 1995). In a period of rapid 
transformation and considerable geopolitical and economic disruption (e.g, Hall 1992; Reid 
1993a: 19), I contend that the most appropriate treatment to the early modem political and 
economic institutions of Southeast Asia must be as entities contingent upon specific historical 
contexts. The assumption that later, better documented Southeast Asian institutions of the 
seventeenth, eighteenth or nineteenth centuries AD are, in some way, evolutionary developments 
from these earlier entities can only be considered as an interpretative and problematic device to be 
used with extreme caution. Archaeological analysis of actual economic, social or political 
institutions is an alternative, methodologically rigorous, way to characterise what happens at the 
transition from the pre-modem to the early modem period. But archaeological theories of change 
from the pre-modem to the modem suffer, like anthropological and historical theory, from the 
same conceptual indeterminacy in differentiating between contemporary societies and between 
ancient and modem.
To explore the change from the pre-modem to modem in Southeast Asia and to resolve some of 
the incoherence in existing concepts, I develop a new theoretical perspective using three strands 
of evidence: (1) lowland specialised ceramic production, (2) upland consumption patterns, and (3) 
the specific historical context. I critically examine some of the assumptions about the transition 
from a pre-modem to modem economy, and then develop and implement a new theory of 
commoditisation to account for the effects of this transition on material culture, specifically the 
socio-economic role of stoneware production in Southeast Asia. Specialisation and the impact of 
changing patterns of production on consumer groups are examined as economic and political 
phenomenon (Kipp and Schortman 1989). Through an examination of the initiation and 
development of specialised ceramic production at lowland centres, I attempt to identify some of 
the dynamic features of the economic processes in this period that impinged on the political 
behaviour of upland groups in northwestern Thailand. The scope of the study ranges from the 
first evidence of movement associated with the peripheralisation of the uplands in the eighth
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century AD, to the disappearance of the largest of the upland groups sometime before the middle 
of the seventeenth century AD. Ultimately the study aims to contribute to a recognition of some 
of the processes involved not only for a period of rapid, but little understood, economic and social 
transformation in Southeast Asia, but also to build general cross-cultural archaeological theory to 
account for the transition both into the early modem period, and between contemporary societies.
Summary of Chapters
In order to develop the theoretical component of this study a number of methodological and 
substantive issues must first be addressed. In chapter 2 the strengths and weaknesses of viewing 
the Asian pre-modem World System as a prestige goods economy are discussed in relation to the 
question of appropriate scales of analysis, and in relation to theories of urban development in 
coastal and inland economies of Southeast Asia of the later first and second millennium AD. 
Chapter 3 outlines the methodological and theoretical background to the comparative analysis of 
stoneware production as a institution of the Asian World System. Chapter 4 establishes the 
methodological parameters for a problem-oriented elemental analysis of ceramics. Issues 
addressed include analytic protocols, data interpretation, and the elemental characterisation of 
production trajectories. The results of the analysis of wares from production centres in 
northwestern Thailand, Lao People's Democratic Republic (Lao PDR) and Bumia are presented 
in Chapter 5. In Chapter 6, the results of an archaeological reconnaissance of burials and 
monuments in the adjacent uplands are described both in terms of site size and distribution, and 
of the chronométrie and analytic results. The specific historical context of this period is outlined 
in Chapter 7, with a political account of the relationship between upland and lowland groups of 
the early modem period in Southeast Asia. This focuses on the association of mined Buddhist 
monuments with upland burial sites, and the role of slavery in the political economy of the 
uplands. In conclusion, chapter 8 summarises the results of the study, and reconsiders the 
implications for the World System of prestige goods and commodities, and the political 
dimensions of the transition from the pre-modem to the early modem period in Southeast Asia.
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explanation for the short term character of primary centres in island Southeast Asia. 
Supported by abundant evidence of external trade in hinterland areas, Bronson argues that 
local catchment basins and an associated dendritic river system connecting upland and 
lowland sites provide an appropriate frame for analysis: Coastal sites organised the direct 
flow of goods from rural and upland areas, for exchange with the maritime trade network. 
This dendritic system incorporates six levels of site, from a controlling (gateway) capital 
(A), situated at the Coastal river mouth, to intermediary B, C, and D sites, at successively 
smaller river junctions Inland, to the more numerous feeder sites E, and F in the margins of 
the catchment area (Figure 2.1). Type A sites are argued as most susceptible to frequent 
raiding, where one Coastal centre raids another to damage or destroy the primary link 
between an adjacent hinterland and overseas centre (cf., Hodges 1988). From A to D 
Bronson proposes a marketised network. Beyond D the proportion of objects from A 
diminish in a linear trend, with trade outward from D to E and F conducted by inter-village 
reciprocity and other non-market institutions.
Figure 2.1. The upstream-downstream exchange model (from Bronson 1977)
/YYYYYYYYYYY\ mo u n t  a i n s /YYVYYYYYVYYYVX
The purpose of Bronson's upstream-downstream exchange model, a variation of Smith's 
1977 Dendritic Exchange model (DE), was to account for the lack of gateway communities 
in insular Southeast Asia in the early historical period. The general DE concept has entered 
the literature as a convenient summary of Southeast Asian insular and peninsular modes of 
exchange (e.g., Andaya 1993). One archaeological study has explicitly applied the Bronson 
variant to the Bias region on the southern Philippine island of Negros Oriental (Junker 
1990). The component of the model that predicts diminishing site size with increasing
distance Inland, a general characterisitic of the DE model, is used by Junker to characterise 
the settlement and exchange system of a pre-colonial Coastal, maritime trade-oriented 
Philippine chiefdom (1990: 180-182). But Bronson's variant model is primarily an attempt 
to describe the dynamics of competitive (and destructive), interaction as a distinctive 
feature of shortlived single component trade-centred Coastal sites in Southeast Asia. The 
survival of a large multi-component coastal site such as Tanjay, in the Negros catchment, 
directly conflicts with this aspect of Bronson's model and suggests that both the scale of the 
model and the explanatory framework is inappropriate, at least for this region of insular 
Southeast Asia. While recognising that the model was misapplied in this case (Junker 1994) 
Junkers 1990 publication still attempts to refine the relationship between upland and 
lowland groups involved in catchment-based exchange. Supported by ethnohistorical data, 
settlements in the more remote lowland areas of the drainage basin and in adjacent upland 
areas identified as Bronson's type E and F sites, are identified with ethnically distinct, 
tribally organised, swidden-cultivating populations and mobile hunter-gatherers:
the ultimate producers and controllers of most of the valuable forest and upland raw material 
resources desired by the chiefly elite at settlement A for their own consumption and for 
exchange with external traders such as the Chinese. (Junker 1990, 182)
As will be seen this characterisiation is also problematic because it is dependant on modem 
parallels and analogies.
Previous models of social complexity in Southeast Asia: inland economic 
development
For the Inland centres of second millennium AD Inland Southeast Asia, the 
distinctive feature of Inland, agriculture-oriented economies is an "inward looking" system 
of redistribution of agricultural surplus (Hall 1985 following Wheatley (1975). Hall's Rice 
Plain States trade (RPS) model is based on an extrapolation from Javanese inscriptions that 
describe control and exploitation of an hierarchically-organised peasantry. It closely 
resembles Smith's (1976b) solar central place regional model of Smith. The RPS model 
comprises a centralised three-tiered temple hierarchy with a higher order market (port, royal 
centre or pilgrimage centre), an intermediate centre, and a village market (Hall 1985: 16; 
cf., Hodges 1988: 17-25). Applied to less well documented redistributive institutions of the 
Khmer empire, this hierarchy (central, regional, and village) is proposed as the integrative 
mechanism for the development of the Khmer system (Hall 1985: 167). In the relatively 
self-contained "centrepetalizing" economy of the Rice Plain States, the involvement of 
groups in adjacent upland areas is treated as largely unrelated to the rise of Inland elites.
Part of the characterisation of the structure of Inland systems of exchange in early modern 
Southeast utilises a contrast with the DE model (renamed the riverine system model).
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Dendritic Exchange is used to model exchange in decentralised Southeast Asian riverine 
political systems with specific reference to Srivijaya (Hall 1985: 12-15; cf., Santley and 
Alexander 1992: 26-27). This recasting of the DE model adds a refinement to the 
characterisation of Bronson's upland E and F sites, and Junker's ethnically distinct ultimate 
producers, as:
non market oriented population centres of the hinterland and upland or upriver villages whose
loyalty to the marketing system dominated by A is minimal [italics added] (Hall 1985: 15)
Together, these three accounts reveal how the image of the economic, ethnic and political 
organisation of upland groups involved in pre-modern exchange with lowland centres has 
been built up from very little direct evidence. The descriptions of pre-modem upland groups 
conflate dendritic exchange systems, originally a formalist construct (c.f., Smith 1976a; 
Hodges 1988: 17-20), with a substantivist characterisation of these groups as autonomous, 
employing non-market economic institutions (reciprocity etc), engaged in subsistence 
agriculture and foraging, and ethnically distinct from lowland groups. In view of the lack of 
direct evidence it is of little surprise that this characterisation is very similar to accounts of 
modern hill tribe groups of the region (Condominas 1977; Kunstadter 1969; Leach 1954; 
McKinnon and Bhruksasri 1986; Vallibhotama 1986). It would appear that these 
characterisations rely on ethnographic analogies which, however, remain unacknowledged.
Furthermore, where the DE model at least recognises the intrinsic relationship between 
local exchange patterns and regional trade networks of the period, the RPS model discounts 
the role of outside trading contacts on internal developments, and directly conflicts with 
studies that have argued for the significant impact of external trade on the political 
development of the rice plains states (Whitmore 1977: 146; Lach 1965: 526, 545; Wolters 
1970: 56, 61, 67, 157; Katsetsiri 1976). The closed agrarian lowland model for Inland 
development has provided a convenient scale for regional studies of the operation of temple 
based agricultural communities, such as those located around the Khmer centre in the 
Phimai basin (e.g., Welch 1989). But the inappropriateness of a catchment-based approach 
to urban centres of the 'Rice Plains States' is emphasised both by the generally 
acknowledged integral role of long distance exchange and prestige goods networks in pre­
capitalist societies (Ekholm and Friedman 1979; Philibert 1989; Renfrew 1993; Shennan 
1993; Sherratt 1993; Subrahmanyam 1990), and more specifically by the failure of the RPS 
model to account for lowland dependence on institutions such as enslavement of upland 
groups (Reid 1983).
The operation of centrepetalizing, and closed, exchange systems has been proposed as the 
means of economic integration through redistribution for the Southeast Asian Rice Plain 
States. These have been argued to involve the continuous and massive movement of
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products from villages to administrative nodes on one hand, and the stratification of rewards 
in the form of "wealth, power and prestige", on the other (Wheatley 1975: 253). However, 
this model can not account for the collapse of the extended territory o f the Khmer, and its 
replacement by semi-autonomous local centres, a situation that is analogous to a loss of 
control by earlier centres over resources flowing through larger scale core-periphery 
exchange networks in the Mediterranean (Adams 1981; Ekholm and Friedman 1979;
Hodges 1982). The general process proposed to account for this shift is that of exploitation 
of an extended territory, fostering economic decentralisation. As Algaze argues:
...the onset of relationships of economic dependency (ie. informal empire) will in the long 
term result in one of two mutually exclusive responses in the periphery: most frequently, the 
collapse of the pre-existing political order requiring the political power to step in formally to 
fill the power vacuum or else to abandon the area altogether; less frequently, the 
strengthening of indigenous sociopolitical structures until local communities become 
expansive in their own right [italics added] (1993: 9).
In a system of centrapetalizing exchange, prosperity develops outside o f state control rather 
than encouraging economic integration. The economic surpluses argued to result from such 
exchange, for manipulation by a central ruling elite, has also been challenged with the 
notion that at each successive administrative level there was" creaming o ff ' (Tambiah 1976: 
128). Thus inequalities between the prosperity of a ruling elite and outlying centres can 
actually facilitate shifts in the focus of power from the old centre to the new (e.g., Cherry 
1987). These shifts would be expected to accompany changing relations with hinterland 
populations as new peripheries were created.
Defining a geo-political dimension: slavery
The importance of slavery for reconstructing regional upland-lowland interactions in 
Southeast Asia has been clearly set forth by Gibson, in a statement worth quoting at length:
First, there are the weak, fragmented societies of the highlands which served primarily as a 
source of goods and slaves for the lowlands. Second, there are the large, more organised 
societies of the highlands which maintained their own class of slaves for ritual purposes and 
to free a small aristocracy for long-distance trade...It is inevitable then, that the highland 
societies which managed to maintain their autonomy from lowland states should give a great 
deal of prominence to those same lowland states in terms both of practical measures of 
resistance and symbolism. Violent raiding, coerced trade for jungle products, and debt 
bondage are all problematic areas to which some sort of response is required by their 
insertion in the regional political economy (1990: 129)
The expansion of new centres created not only the conditions for accelerating exchange in 
raw materials but also transformed social relations with peripheral groups. One example of 
such a transformation in social relations is the use o f upland groups as a source o f slaves. 
The significance of slavery as an institution of dependency is that it has wide-ranging 
economic and political implications for the organisation and function o f both slave-owning
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societies as well as the populations drawn on for slavery (e.g, Anderson 1978; Wolf 1982: 
195-231; Finley 1983; Callinicos 1987: 37-8; Meillassoux 1991). In Southeast Asia, slavery 
has been argued to have been formative in the development of political relationships 
between upland and lowland groups, from the later first millennium until recent times (e.g., 
Leach 1954: 299-303; Reid 1983; Ganjanapan 1984: 38-40). But this component of 
Southeast Asian political economy has yet to be explicitly incorporated into social or 
economic models of the pre-modem and early modern period.
Defining a geo-political dimension: scale
The limitations inherent in the DE and, to a greater extent, the RPS scenario serve to 
underline a central problem in research concerning the appropriate scale of analysis for 
social, political and economic developments in the region. The conflict involves the 
characterisation of social complexity from the later first millennium AD in Southeast Asia. 
Underwriting the mandala is the assumption that the polities of Southeast Asia shared a 
level of political organisation that conflicts with proposed distinctions between Inland state 
exploitation of agrarian surplus on the one hand, and Coastal state reliance on upland 
resources on the other (cf., Smith 1976a). Rather than being isolated from regional 
economic and political developments, the involvement of upland groups in the 
transformation of the region is likely to be both economic and institutional, and more 
fundamental than political or ethnic boundaries.
I have argued that existing models have failed to incoporate the different analytic scales 
necessary to understand the role of economic and political change and social complexity in 
Southeast Asia. Differences in the scale of Coastal and Inland catchments in Southeast Asia 
have been extended to explain differences in the political organisation of Coastal and Inland 
polities. When considered within the context of accelerating trade and exchange in this 
period, and the likely equality of core-periphery relations of similar nodes in a World 
System, the apparent differences in the scale of operation of Inland and Coastal centres is 
less significant than their shared response to unequal exchange.
The World System model
Central to the concept of a World System model is the notion of a common historical 
process that unifies diverse regions and societies (e.g., Frank 1993: 383). The principal 
feature of this process is the expanding ability to manipulate flows of material, energy and 
people at a supra-regional scale, through the progressive establishment of superordinence
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and dependency (e.g., Blanton and Feinman 1984). Santley and Alexander (1993) argue that 
the World System proposed by Wallerstein to account for the rise of capitalism (1977), 
belongs to a more general core-periphery model that is dendritic in structure:
In such systems, the direction of many raw materials and commodity flows is up the
settlement hierarchy within the core and then from the core to the periphery (1993: 24).
A World System perspective on pre-capitalist Southeast Asia has a number of implications. 
Trading inequalities favouring the centre (if measured as the ratio between input and 
benefit) can be masked by social differences and transitions from market to non-marketised 
systems of exchange (Kopytoff 1986: 71). State control or entrepreneurial activity at core 
production centres can facilitate shifts in the mode of production from small scale, part-time 
production for local consumption to large scale production of goods for disposal through 
supraregional trade networks. However, a second feature of the World System is the social 
transformations that can accompany flows in raw materials and goods. Under a World 
System, economic hegemony is sufficient to shape social arrangements down to the level of 
household (e.g., Smith and Wallerstein 1994). However, the application of core-periphery 
dichotomies have been argued as an overly simplistic conceptualisation of the range of 
interactions possible within supraregional systems (Kohl 1989; Vickery 1985b; Vickery 
1987). While the World System model enables macro-processes to be articulated at a local 
level it does not of itself provide an explanation for local dynamics. This demands attention 
to specific historical context.
Supraregional systems of exchange and dependency prior to the rise of merchant capitalism 
and the modern World System has been widely recognised (Algaze 1993; Blanton and 
Feinman 1984; Ekholm and Friedman 1979; Frank 1993; Frank and Gill 1994; Renfrew 
1993; Schneider 1977; Sherratt 1993a; Sherratt 1993b). For Asia, Abu Lughod (1989) 
proposes the operation of a world system in the first few centuries of the second 
millennium. In Abu-Lughod's conception, an increasingly integrated world economy 
developed, that linked the political and economic fluctuations of Asian core areas with 
processes extending as far as the countries of the Mediterranean. The equation of long­
distance trade with apparent synchronisms in regional political and economic cycles is 
treated as evidence for the operation of an Asian economy of almost global proportions.
Conception of an Asian World System
In the World System of A.D. 1250-1350, both India and China occupied central 
positions in the trading network. China's pre-eminence was due to control of both overland 
and maritime routes. Conversely, the political instability of Ming China (1368-1644 AD) in
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the mid 15th century is considered to be at least partly a result of the disintegration of long 
distance trade routes. Already in the Sung period (960-1279 AD), the rise of a powerful 
merchant class provided an important new economic and administrative institution 
(Wheatley 1959: 27). Recognising the importance of private maritime commerce in the 
Chinese economy, Abu-Lughod (1989: 345) argues that merchants played a central role in 
the organisation of both official trade and private commerce with official Ming objectives 
and private economic institutions linked to form an integrated and politically centralised 
economy.
Thus the treasure ship expeditions of the fifteenth century under Admiral Cheng Ho are 
interpreted as being primarily economic in nature, an official effort to reactivate southern 
maritime trade. The Ming bans on overseas trade represented renewed concern with the 
development of an agrarian base, and a withdrawal from involvement in overseas commerce 
(Abu-Lughod 1989: 347). Conventionally the bans are proposed as the principle reason why 
ceramic production and exchange in Inland Southeast Asia expands to the island Southeast 
Asian markets (Brown 1988). But the social, political and economic complexity of the 
Chinese core prohibits simple integration of official policy and the commercial interests of 
China and Southeast Asia.
The distinction between China's "sphere of influence", and the "increasingly integrated 
World System" from the thirteenth to fifteenth century AD, reveals a degree of incoherence 
in Abu-Lughod's account (1989: 346-47). Construction of Ming China as a politically and 
economically integrated entity, a "frictionless exchange medium" completing the circuit of 
overland and maritime commerce, ignores the complexity of regional political and 
economic interactions (Wang 1970). China's economic vitality in the thirteenth and 
fourteenth century is suggested to be due to political, technological, and commercial 
sophistication, coupled with the ability to extract surplus from the external system (Abu- 
Lughod 1989: 348). The system of tribute connecting Southeast Asian elites to the Chinese 
core is an extension of the official political and economic power of the core(Wang 1958), 
but the identification of these developments in formal administrative institutions in China as 
a core region can not elucidate the range of formal and informal political and economic 
institutions that were brought into play on the periphery (Algaze 1993; Robinson 1976).
Conflicts between official and private commercial activities and associated consumer 
behaviour have been noted for the Sung period in China (960-1279 AD). A series of 
sumptuary laws enacted between 1013-1214 attempted to prohibit brocades, embroidery, 
kingfisher feathers and gold ornaments. These laws reflect the lack of control over the 
maritime trade with Southeast Asia and the conspicuous consumption that developed within 
Chinese society. The resulting trade deficit was marked by a flow out of copper cash and
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precious metals, and attempts to impose strong controls on both merchants and 
merchandise, and on export of cash through official channels, was subverted by large scale 
corruption and smuggling. One response was a series of edicts (1160-1265 AD) prohibiting 
the export of cash. Only the export of porcelain received official encouragement following 
the edict of 1216 (Wheatley 1959: 37-39).
In Abu-Lughod's politically integrated Ming economy, the formal political withdrawal from 
overseas trade at the northern Ming capital of Beijing in the mid fifteenth century AD was 
followed by an economic contraction among the trading ports of Southern China. However, 
significant regional differences suggest that this is an oversimplification of the relationship 
between official and private economic institutions of the period (Clunas 1991; Sands and 
Myers 1986). It also presents a relationship between Ming official policy and the maritime 
activity of the Southern Chinese commercial interests that has more recently been contested 
(Andaya 1993: 346-47). Casting Cheng Ho's expeditions as a "last attempt" by the Ming to 
invigorate the Southern maritime trade route, conflicts with evidence suggesting that 
Chinese-led maritime commerce within Southeast Asia received a considerable boost, even 
if unintended, under the Ming. The technological developments required for the 
construction of large scale expeditionary ships also provided the necessary skills for the 
construction of large scale trading fleets (Guy 1980: 22), and by the mid-fifteenth century 
Chinese junks were trading widely throughout insular Southeast Asia (Mills 1979: 70). The 
development of extensive smuggling organised by Southern Chinese merchants has been 
seen as a direct response to the Ming edicts against overseas trade (Chui Ling-Yeong 1967: 
12 in Guy 1980: 21). The edicts are thought to have encouraged Chinese participation in 
"off-shore" commerce with large numbers of Chinese moving from southern Coastal areas 
of China to Southeast Asia (Guy 1980: 21). Together the development of large scale 
shipbuilding technology, and the move off-shore of a substantial Chinese commercial 
sector, suggest that the rise of Southeast Asian large-tonnage, long-distance trading and 
naval fleets in the fifteenth and sixteenth century reflects considerable Chinese participation 
(Manguin 1993).
Rather than providing direction for a politically integrated economy, the Ming bans 
widened the distinction between private and official commerce. Official attempts to divert 
overseas trade appear to reflect loss of control by the Ming northern centre over Southern 
Chinese commercial activity and involvement in Southeast Asian trade. Conversely, the 
lifting of the ban in 1567 can be viewed as an attempt to reintegrate the South Chinese 
private economies, boosted by a substantial phase of commercial expansion from about 
1530 (Atwell 1982: 68-90). Following the extensive off-shore activity of traders during the 
bans of the fourteenth and fifteenth centuries, it is of little surprise that Southern Chinese 
ship building technology in the sixteenth and seventeenth centuries incorporated a range of
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Southeast Asian features (Manguin 1989). Thus while centres can be defined ethnically, 
geographically and administratively, processes of commerce and the informal economy are 
perhaps among the most powerful means of explaining the social transformations of the 
region. As integrative mechanisms, without clear links to either a core or periphery, the 
Asian prominence of the informal economy in supraregional processes underscores the 
limitations of a World System model.
The longevity of production, and the dissemination of stonewares through local and 
maritime marketised systems of exchange, as well as through the systems of exchange in 
adjacent uplands, provides an unusual source of evidence for long term fluctuations in 
production, exchange and consumption in the region. The continuation of specialised 
ceramic production, originating under pre-modern economic conditions, into the initial 
stages of the modern world system in Southeast Asia, offers a unique opportunity to model 
the long term character of these institutions as well as the effects of the proposed transition 
from one economic mode to another. One goal of the theoretical component of this study is 
to clarify the relationship between status and wealth in relation to the commodity. The 
extensive and established presence of Southern Chinese commercial interests in Southeast 
Asia undermines any attempt to distinguish the effects of interaction between local political 
factions and external commercial groups in the Southeast Asian economy (Reid 1993b; 
Vickery 1987; Wang 1970; cf., Patterson 1990). It also indicates that the interplay between 
the resident ethnic trading groups and local factions, is a fundamental element in the 
operation of supraregional processes. This is particularly relevant for understanding the 
transformative role of merchants, money, and exchange in the Southeast Asian economy. 
Prior to the rise of merchant capitalism in the sixteenth century, the operation of a pre­
capitalist Asian World System is predicated on flows of prestige goods from the core in 
return for raw materials of the periphery. Transformation in this system was facilitated first 
by the use of textiles and glazed stonewares as specialised core products (e.g., Bronson 
1994), and later by the rapid introduction of silver from New World sources, as part of the 
shift from prestige goods to cash commodities.
Consumption and Prestige goods
The use of a World System as an overarching structure for supraregional mechanisms 
of unequal exchange does not resolve the problematic and often competing paradigms that 
have been propounded to describe non-capitalist economies (e.g., Halperin 1982). Problems 
with these paradigms include (1) a dissatisfaction with formalist (capitalist) microeconomic 
interpretations of pre-modern economies, which involve the idea that capitalism is in some 
way a natural, ahistorical condition (Halperin 1988: 9-10); (2) the lack of coherence in
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Marxist formulations of a non-western Asiatic Mode of production, as an Orientalist project 
constructed in opposition to the development of capitalism (Bailey and Llobera 1981; 
Hobsbawm 1964); (3) the concept of agrarian wealth as a prime mover in Weber's 
"primitive" ancient economies extending modern concepts of value into pre-modem periods 
(Bakker 1988); and (4) Polanyi's overly schematic dichotomies between market and non- 
market models of reciprocity and redistribution, without power to explain the nature of 
relations between regions of vastly differing economies (Dalton 1975). One of the most 
successful alternatives to these paradigms has been a consideration of the role of 
consumption and the movement of goods in the capitalist and pre-capitalist economy (e.g., 
Douglas and Isherwood 1979; Miller 1987; Philibert 1989; Sherratt and Sherratt 1991: 354).
The development of supraregional exchange involving core and periphery relations in 
Southeast Asia can be seen to conform to the expansionary pattern predicted by the World 
System model. The rise of lowland polities culminating in the Khmer empire in the later 
first millennium AD can be set in the context of prestige goods exchange, most clearly 
expressed in the dissemination and emulation of Chinese stoneware. The development of 
independent centres in Southeast Asia as part of the semi-periphery is similarly expressed in 
the production of local tradewares for supraregional exchange system. However, the later 
tradeware production corresponds to a new stage in the regional economy, where the 
significance of merchant operations is radically expanded with the introduction of large 
flows of silver. The introduction of low value lead currency parallels the use of shell 
money, extending the impact of monetization using non-precious media, reducing the 
likelihood of money re-export and provides greater local stability than if using media with 
the same value as inter-regional transactions (e.g., Perlin 1986: 1041). The development of 
merchant capital served to shift the regional economy from one based on the amassing of 
prestige and power to one based on wealth.
Rather than framing trade as a result of organisational advances in agrarian production and 
the supply of bulk commodities, the analysis of consumption provides a means to 
understand the incentive for trade, the social significance of goods acquired, and the rise of 
specialised production to accommodate demand. The prestige-goods economy has been 
widely used within a World Systems approach to political and economic dynamics in pre­
capitalist periods (Schneider 1977; Eckholm 1977, Frankenstein and Rowlands 1978; 
Gledhill 1978). In partly commercialised networks the effect on the social and political 
formations of the groups involved at different levels is likely to be particularly marked 
(Knapp 1990). Social transformation is in part contingent on the differential impact of 
goods exchanged (Brumfiel and Earle 1987). Champion notes that prestige goods 
economies:
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seem particularly common on the fringe of early states and empires, and are a regular means 
of articulating societies with very different structures of economic and social organisation. 
(Champion 1989: 12)
The supply and demand for prestige or luxury goods can affect the organisation of pre­
capitalist socio-political formations in specific and distinctive ways. The social role of 
prestige goods, in developing or maintaining particular sets of relations between supplier 
and consumer, can serve to transmit ideological information cross-culturally. As the 
material component of political legitimation and control (Renfrew 1986b: 154), the demand 
for goods can also involve the expression of a particular world outlook by 'peripheral' 
consumers. The production, distribution, and consumption of goods are tied to processes of 
political and economic expansion and exploitation. Equally, control of prestige goods can 
be used to resist or subvert the impact of dominant ideologies and ideological conflict at the 
periphery, through reinforcement of the power relations of local elites.
Money and commoditisation
Money as an agent of profound social and cultural change constitutes a central 
concern of economic anthropology, and, like the dichotomy between gift and commodity, 
has been used to construct social distinctions. The dichotomy set up between non-monetary 
and monetary has been in practice elided to cover other dichotomies including gift and 
commodity, or capitalist and pre-capitalist (Harris 1989). This elision has been suggested as 
central to the perceived importance of money as an index of the "great transformation" from 
one to the other in Southeast Asia (Bloch and Parry 1989: 7; Buchholt 1989). The idea that 
the level and extent of commoditisation is inextricably bound to the limits of exchange 
technology, underlies the notion of "the sphere of exchange", or the organisation of value 
classes for exchange (Kopytoff 1986: 72). The importance of monetary exchange for 
historical "non-capitalist" economies has been offered as an argument against radical 
oppositions with a monetised, capitalist, modern world economy (Fuller 1989). As Bloch 
and Parry argue:
by coupling money to capitalism in his suggestion that it was money - and not capitalism with 
which money was associated - that was responsible for a dramatic expansion of 
commoditisation, Kopytoff ignores the existence of money in many pre-capitalist economies 
(1989: 16).
Criticisms of Kopytoff s view of the pivotal role of money in optimising exchange 
technology help to clarify the point that it is not money in itself but the unequal exchange 
relations that it facilitates which are important. In other words, the process reflected in the 
commoditisation of an economy represents a qualitative technological shift in the capacity 
and penetration of an expanding exchange system, an integral feature of extended political 
systems (e.g., Webb 1975). The fundamental nature of this shift is that with the reduction of
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value to an abstract measure concrete commodities can be transformed or disappear (Melitz 
1974: 51). As an institution of the modern World System, it is the process of the 
"transformation or disappearance of concrete commodities", and the accompanying shift to 
more systematic unequal exchange relations that is of primary interest. Commoditisation 
forms a "one off' transformation of the exchange relations of a regional economy and 
facilitates market-based manipulation of unequal exchange to develop and exploit the most 
efficient locations and goods (Wallerstein, 1974: 348). This is a change not only in the 
units of value but also in the exchange technology employed. Thus as a process of the 
modern World System commoditisation accompanies development of the market and 
transport technology (Kopytoff 1986: 72; Hodges 1988; Plattner 1989b; Santley and 
Alexander 1992: 44-6), and can be positioned as a major shift in socio-economic relations 
that can be used to distinguish between the pre-modern and modern. The shift in exchange 
technology has major social and political implications for the operation of non market 
economies on the periphery
Commoditisation of the pre-modern Asian core-periphery: silver and lead
From the early fifteenth century, large scale silver production and importation marks 
a reorientation of the regional economy. Official encouragement of Chinese bullion mines 
as a major internal source of government revenue, and the unofficial entry of silver as 
currency into the regional economy, mark the shift towards a silver standard (Atwell 1982: 
78). By correlating regional bullion production and Ming Government revenues for the 
period 1401-1520 AD, Atwell (1982: 76, table 1) argues that the quantity of Chinese-mined 
bullion peaked around the mid fifteenth century, followed by several decades of dwindling 
supply. In the context of a growing dependence on a silver standard through relaxation of 
mining prohibitions on local supply, the impact of new and abundant imports of Japanese 
and New World bullion can be linked to the rapid economic transformation of the Asian 
region in the sixteenth and early seventeenth century AD (Atwell 1982; Reid 1993b). It has 
been estimated that by 1600 AD the annual official imports of silver within China was 
about 200,000 kilograms, compared to 8 million kilograms of Mexican silver arriving 
through unofficial channels via the Philippines (Atwell 1982: 78-9; Rawski 1972: 76). The 
massive infusion of silver into the Chinese official and unofficial economy flowed on. Reid 
contends that:
There can be no doubt that silver came to represent the overwhelming bulk of the money 
supply in the cities of the (Southeast Asian) region. Southeast Asian states could have been 
expected to seize the opportunity of adopting and enforcing their own silver currencies as a 
means to control their internal economies (1993b: 103).
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The first ruler of Ayyudhya is described as originally a Chinese trader (Katsetsiri 1976: 51- 
75 in Hagesteijn 1989: 53), an elision between commercial and political interests reflecting 
the:
very close historical links between rulers and traders (whether of complicity or antagonism) 
that might partly stem from both parties being claimants for the key role in the social 
regulation of demand (Appadurai 1986: 33).
Silver provided a convenient and regionally accepted currency standard for wholesale 
transactions for use by Southeast Asian states (Kathirithimby-Wells 1993: 133). But the 
extensive Chinese commercial interests in Southeast Asia introduced a less valuable lead 
alloy currency, thepicis, around 1590 (Blusse 1986: 35-48). By controlling the 
monetisation of internal trade through this cheaply produced currency, Chinese traders 
constructed an economic disparity between silver (core) and lead (periphery). At the same 
time, the rapid acceptance of this new currency established Chinese traders as primary 
intermediaries between the subsistence and cash crop economies of the Inland, outside of 
existing Royal monopolies and overseas markets (Kathirithamby-Wells 1993: 133-34; 
Rawski 1972: 68).
Commoditisation: the shift from Prestige to Wealth
...numerical rationality had entered the life of the village and bazaar: even weights 
and measures, measures of lands and commodities at the most local and most notoriously 
variable of levels, were closely related to the advance of money (Perlin 1986: 1045 [italics 
added])
Transformed by the process of monetization a regional economy, formerly articulated 
through institutions such as prestige goods exchange, is shifted towards commoditisation- 
that is, the search for efficient locations and goods within a supraregional system. A 
primary socio-political role of money in non-monetised societies is argued to be the dual 
effect of promoting dependency by undermining solidary communities: independent 
communities become dependant, and dependant individuals become independent (Roberts 
and Stephenson 1983). Thus the main impact of money is not the appearance of a new 
medium of exchange but, the re-articulation of social relations. The material corollary for 
monetisation is the commodity.
In most discussions of production, exchange and consumption, commodities are implicated 
in a general way as goods for trade and exchange. Here I would like to employ the term in 
its more restricted sense. Rather than a specific material good, the commodity represents a 
process of production, transmission, and consumption (Brumfiel 1988; Costin and Earle 
1989; Douglas and Isherwood 1979; Smith 1987). Kopytoff argues that:
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The problem of value and equivalence...involves the mysterious process by which things that 
are patently unalike are somehow made to be alike with respect to value, making yams, for 
example, somehow comparable to and exchangeable with a mortar or pot. (1986: 71)
He further claims that the process of transforming goods into commodities, that is 
commoditisation, has a homogenising effect on value, and is an expansionary process for 
both the exchangeability of each thing and the variety of things exchanged (1986: 72-73). 
This process parallels that of the expansionary tendency noted for the World System 
economy. A critical question for the role for commoditisation as an economic institution is 
whether, as a significant element in the process of economic and social formation for 
capitalist periods (Henry 1991; Perlin 1986), it can be extended to pre-capitalist societies 
(e.g., Allen 1977; Bohannan 1959; Clunas 1991; Renfrew 1986; Shennan 1993; Sherratt and 
Sherratt 1991; Watson 1958; Wells 1980; Wells 1985; Wells 1987). The character of this 
debate is most clearly represented in the grand polarities and refutations of economic 
anthropology in which the commodity has found its widest market. Several strands of 
economic anthropology have constructed a dichotomy between gift and commodity 
exchange to differentiate between modern and pre-modern economies (Dalton 1971;
Gregory 1982; Plattner 1989a; Watson 1958). As Parrypoints out:
Anthropologists - as indeed their informants - often stress that gift exchange and commodity 
exchange are premised on fundamentally opposed principles. In Gregory's neat formulation, 
for example, gift exchange is seen (following Mauss) as presupposing the interdependence of 
the parties to the exchange and the inalienability of the gift; while commodity exchange is 
seen (following Marx) as presupposing the reciprocal independence of the transactors and the 
alienability of the commodity (1989: 64).
The character of this debate is exmplified by discussion of the kula exchange system of the 
Trobriand Islands (Malinowski 1922), and whether it is based on the transmission of 
inalienable values or on a more fluctuating value system (Davis 1992; Gregory 1983; Leach 
and Leach 1983). At one extreme, very long term patterns have been argued to be the most 
significant element in regional systems of exchange ancestral to kula exchange, a view that 
undermines the notion of gain achieved through ephemeral values, whether inalienable or 
not (Gosden 1994: 31). At the other extreme is Appadurai's rejection of the gift/commodity 
dichotomy in favour of the 'spirit of the commodity' where even the exchange of goods in a 
barter economy reflects maximum feasible reduction of transaction costs, albeit social, 
cultural, political, or personal (Appadurai 1986: 9). In this view the barter/commodity split 
is an artifice, and a variety of modes of exchange including gift, barter and commoditisation 
involve significant similarities and social transformations (Bourdieu 1984; Miller 1987; 
Thomas 1991). A fundamental objection to the extension of the capitalist commodity to pre­
modern goods as an hermeneutic aid to facilitate quantitative analysis, as used, for example 
by Earle (1987) or Torrence (1984; 1993), is that the commodity is an historically 
contingent component of monetisation, and the development of the modern market. As 
stated by Kopytoff:
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A drive inherent in every exchange system toward optimum commoditisation (is) to extend 
the fundamentally seductive idea of exchange to as many items as the existing exchange 
technology will comfortably allow...Hence the uniform results of the introduction of money 
in a range of otherwise different societies: more extensive commoditisation and the merger 
of the separate spheres of exchange (1986: 72)
Thus, anthropological distinctions between market commodities and pre-market goods 
reflect arguments about the intrinsic qualities of gifts and commodities. However, money as 
an intrinsic part of the shift from prestige goods to commodities is a valuable delimiting 
parameter that is both historically convenient and theoretically powerful, where:
The expansion of "the market" into wider and wider spheres has the inevitable effect of 
reducing the competition for status and power to the competition over wealth. (Kipp and 
Schortman 1989: 375)
As a fundamental element of the modem globalised World System, commodisation 
provides the basis for equating cost, distance, and time (Gatrell 1983; Harvey, 1969). As 
such it is an institution in which efficiency or responsiveness to market demands and 
consumer resistance is a defining characteristic. In contrast, the role of pre-modern goods 
and their relationship to inalienable or fluctuating systems of value is fundamentally 
different, as their value is derived from a complex interplay between local social demands 
and regional exchange networks. The sum effect is that for prestige goods, value is derived 
from inefficiencies in the system of procurement. While employing the term commodity in 
its more general sense, Appadurai notes that:
Under pre-modern conditions, the long-distance movement of precious commodities entailed 
costs that made the acquisition of them in itself a. marker of exclusivity and an instrument of 
sumptuary distinction. Where the control of such objects was not directly subject to state 
regulation, it was indirectly regulated by the cost of acquisition so that they stayed within the 
hands of the few (1986: 45).
The introduction of a supraregional monetised economy in the later 16th-early 17th century 
AD, corresponds in time to the collapse of large scale ceramic production at Sawankhalok 
and Sukhothai in central northern Thailand. The correlation points to the mechanism that 
brought about the "abrupt end" of tradeware production in this region. Rather than finished 
by warfare and political disruption (Brown 1988: 58), specialised ceramic production in this 
part of Inland Southeast Asia was uncompetitive against the output of large scale producers 
in Southern China, a value contrast made possible through the introduction of 
commoditisation of production. The question of how to assess this process archaeologically 
will be addressed later.
Stoneware as a Prestige good
The transition from regionally distinct autonomous groups to centralised polities in 
Inland Southeast Asia, is accompanied by the introduction of a series of innovations in
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metallurgy, agriculture and the organisation of exchange (Allen 1990; Barnard 1976; 
Bronson 1992; Glover, et al. 1992; Kennedy 1977a; Kennedy 1977b; Leur 1955; Natapintu 
1984). While similar developments elsewhere in the Old World took place over several 
millennia (e.g., Mathers and Stoddart 1994), the Southeast Asian transition is relatively 
recent and begins around 1500 BC (e.g., Bronson 1979; Bronson and Wissemann 1978; 
Higham 1989). One of the last major technological innovations of centralised polities in 
pre-industrial Inland Southeast Asia is the production of high temperature glazed and 
unglazed stonewares. In contrast to earthenwares, production of stoneware demands control 
of a highly specialised suite of techniques. These involve both the use of specialised kilns to 
achieve the high temperatures required (1250-1300°C.), and control over the materials used 
for high temperature firing. The introduction of stoneware production in Inland Southeast 
Asia provides an unambiguous technological marker from around 1000 AD. At this time 
stoneware production is argued to commence at a number of Khmer controlled regions of 
Inland Southeast Asia (e.g., Ban Kruat in Buriram Province, central Thailand; Brown 1988). 
The timing of this innovation leaves little doubt that the appearance of stoneware 
production in Inland Southeast Asia was the result of regional socio-political transformation 
(Taylor, 1992; Welch 1989). With few exceptions (Vidale 1990), the knowledge of 
stoneware production was confined to China, Southeast and East Asia until the seventeenth 
century AD (Barnes 1993; Medley 1980). The initial similarity in technologies and forms 
between Khmer production centres and contemporary production centres in Guandong 
Province, China, indicate that stoneware production in Southeast Asia accompanied 
intensified contact with Southern Chinese provinces from the end of the first millennium 
AD (Brown 1988: 42; Edwards McKinnon 1984; Mikami 1990).
The Southeast Asian adoption of stoneware technology at about the same period, from 
around 1000 AD, marks a new phase of overland exchange that extended from Coastal 
trading entrepôts to the far interior of the region. By the fourteenth century AD, specialised 
stoneware production complexes accompanied urban development throughout the region. 
The pattern of intensification of specialised stoneware production in Inland Southeast Asia, 
is comparable to the production of goods in the Mediterranean Bronze Age economy, where 
it has been argued that:
... the need to acquire supplies of valued materials motivated the intensification of local 
production and the extraction of surplus, in order to provide goods for exchange. Moreover, 
the process was a dynamic one, for it set in train an expanding need for consumer goods 
through the proliferation of centres and competitive emulation between them. Thus what 
began as the provision of small quantities of luxury items grew to encompass a larger scale 
of supplies and the local production of commodities for export. (Sherratt and Sherratt 1991:
355).
Commercial and political connections between China and Southeast Asia are well attested 
in historical sources from as early as the first century AD. The frequent references to exotic
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products from widely disparate areas underlines the long-distance maritime trade 
connections of these regions (Wang 1958; Wheatley 1959). Even though maritime trade has 
been associated directly with the formation of the earliest states in Southeast Asia 
(Wheatley 1975: 250-251), material correlates for the reported scale of this trade do not 
appear until the 11th and 12th century when Chinese ceramics begin to appear in quantity at 
numerous sites along the maritime trade route (Brown 1989; Edwards McKinnon 1977;
1984; Southeast Asian Ceramic Society [West Malaysia Chapter] 1985; Wang 1958). In 
Southeast Asian contexts, tradewares have been used as indicators of a more varied and 
substantial trade in the products of the region (Bulbeck 1992; Tan 1989). However, the 
widespread popularity of Chinese trade ceramics amongst indigenous groups such as the 
highland tribal communities of Borneo, the Philippines and the upland regions of Burma 
and Thailand, suggest that trade wares are themselves a significant component of the 
unequal exchange predicted by the World System model (e.g., Junker 1994).
From the mid twelfth century AD intensified production and marketing of Chinese 
tradewares is evidenced in the quantity of late Sung and Ming sherds found in overseas 
contexts (Chandavij 1986; Edwards McKinnon 1993; Guy 1980; Guy 1987; Kwan and 
Martin 1989; Southeast Asian Ceramic Society (West Malaysia Chapter) 1985; Vollmer, et 
al. 1983). Parallels in shape and decoration between Inland Southeast Asian wares and 
Chinese trade wares suggest that by the fourteenth and fifteenth century local production 
was directly competing with Chinese glazed wares (Richards 1991). While the distribution 
of wares from the majority of local producers is restricted to Inland contexts, two centres, 
Sawankhalok and Sukhothai in central northern Thailand, entered into the long-distance 
maritime trade network, and wares from these centres occur in shipwrecks and at a number 
of island sites (Guy 1987).
But initially, Southeast Asian stoneware production was restricted to a limited range of 
glazed stonewares. Among the earliest of these were the high-fired, green-glazed 
whitewares from the Khmer period production complex at Ban Kruat, in Buriram Province, 
eastern central Thailand (Brown 1988). This complex utilised distinctive rectangular- 
chambered, cross-draft kilns (Division of Archaeology 1989; Sangwaen 1987; Vallibhotama 
1974). Subsequent stoneware production in Inland Southeast Asia employed the cross-draft 
bun-shaped kiln across a range of environments (Hein, et al. 1992; Shaw 1989a: 141-144). 
To theorise the function of specialised stoneware production in the Asian World System, I 
use commoditisation as a measure of the movement from a prestige to a wealth-based 
process of production, exchange and consumption. In this construction, systematic 
monetisation is a fundamental element of the shift from an Asian World System to a Global 
World System in the later sixteenth century AD. The process of commoditisation is
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proposed as being dependant on the ability to demonstrate rates of change in production, 
and on the historical context of such changes.
Building the theory: indeterminacy, profit cycles and cultural trajectories
I have attempted to formulate commoditisation as a measure of changes from a 
prestige to a wealth-based economy. The idea of commodity production originates in 
analyses of specific social, political, and economic formations of the capitalist mode of 
production and consumption (Tisdell 1979). But the indeterminacy between central 
assumptions used to distinguish the modern from pre-modern economy has hampered the 
development of an appropriate theory of material change. In the domain of contemporary 
microeconomics, the concept of the commodity defines the role of goods or services in a 
monetised market economy and production. Neoclassical accounts of production dynamics 
provide a framework to address the non-linearity of production developments through time 
(trajectories). Central to the microeconomic conception of the commodity is the theory of 
the firm, the product life cycle, and profit maximisation (the "spirit of the commodity") . Of 
these, the profit maximisation cycle is relevant for the construction of a general measure of 
a commodity trajectory. Starting with the argument that commodity production can be 
expected to reflect profit cycle behaviour, Bingham (1992) has disaggregated the phases of 
production into a series of shorter term 'profit' stages as follows:
1. Zero: birth and design stage
2. Super: open entry- temporary monopoly and innovative edge
3. Normal: open entry- movement toward market saturation and absence of 
substantial market power
4. Normal +/-: post saturation stage with oligopolisation or predatory and excessive 
competition.
5. Negative: obsolescence stage
The same general stages are developed by Rathje in his discussion of the material cultural 
correlates for changes in pre-modern Maya groups (Rathje 1975). The common use of profit 
phases of modern production and Rathje's (1975: 414-416) more general production- 
distribution trajectory is as follows:
1. initial high investment phase: development of craft production for a small 
number of commodities with a highly constrained distribution (profit stage 1).
2. expansionary phase: mass replication and distribution of standardised products 
(profit stage 2 & 3)
3. cost control phase: modification of procedures in response to increasing diversity 
in demand and products (profit stage 4)
The similarities between the profit cycle and Rathje's production -distribution 
trajectory are not accidental. The concepts of commodity production, exchange and the 
profit cycle are microeconomic mechanisms within the formalist paradigm. As a means of
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thinking about socio-economic change in pre-capitalist complex societies, Rathje has 
reformulated the profit cycle approach to quantify material cultural change organised 
around cultural rather than profit trajectories (cf., Hodges 1988; Torrence 1993). But his 
deployment of the notion of commodity production and its associated implications is 
problematic. Specifically, a paradox is apparent in the use of a microeconomic mechanism 
in a pre-capitalist period, that tests for profit maximising behaviour and the operation of 
market principles in pre-modern economies, but that also organises the data according to 
these assumptions. I have suggested that a separation between economic and political 
spheres is methodologically necessary to distinguish between social relations based on the 
control of local elites, strategies for acquiring power and prestige, the exploitation of 
inefficiencies in exchange technology, and social relations based on the acquisition of 
wealth and commoditisation, as a measure of the move to optimise exchange technology. 
The use of the trajectory model to explain material change in pre-modern societies conflates 
the significance of wealth and prestige goods, and obscures what I argue to be a 
fundamental distinction between the operation of peripheral and commoditised economies 
(e.g., Earle 1987; Costin and Earle 1989). This difficulty becomes acute in the attempt to 
utilise the trajectory/cycle to model the behaviour of an institution as it moves between 
different economic systems. Acknowledging the relativity of any interpretation of material 
culture (e.g., Hodder 1993), I have argued that one of the likely effects of commoditisation 
is specific economic transformations over a relatively short period of time, making the rate 
o f change the critical factor, rather than simply the demonstration of a trajectory.
Conclusion
The lack of evidence for the function of early centralised polities in Southeast Asia is 
reflected in poorly defined models with limited analytic value. The application of a World 
System model to predict the behaviour of actual institutions, such as specialised ceramic 
production, provides a reorientation of the concepts used for defining the operation of 
centralised elites and socio-political interaction. But while providing a context for 
specialised ceramic production, the implications and inconsistencies of the core-periphery 
structure proposed for a pre-modern Asian World System have not been followed through. 
The integration of private Chinese commercial interests with Southeast Asian economic and 
political developments, provides an important modification of the effect of Chinese core 
institutions on Southeast Asia. The informal economy, based on ethnic Chinese merchant 
participation, provides a context to understand the effects of rapid monetisation on Inland 
ceramic production and upland lowland interaction in northwestern Thailand of the later 
sixteenth and early seventeenth century. In the following chapters I develop analytic tools to 
assess the process of commoditisation for stoneware production in northwestern Thailand, 
and the political processes evident in contemporary groups in the adjacent uplands.
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Chapter 3
The role of specialised production
..the decisive innovation in the development of a new commodity is generally social 
rather than technical. Often the technology is already there. (Renfrew 1986a: 146)
In the preceding chapter I outlined the supraregional scale of the major economic 
developments nessecary to understand the pre- to early modem transition in 
Southeast Asia. In view of the indeterminate character of economic or political 
characterisations inherent in historical approaches to the region in this period, I 
argued that a methodology of integrating economic and political aspects of the 
World System would assist in understanding the mechanisms that affected 
Southeast Asian development. I concluded that analysis of stonewares are a good 
way to relate economic change through the theory of commodisation, and that the 
study of upland archaeology in areas adjacent to lowland stoneware production 
centres would provide a perspective on changes in the political economy. The 
development of specialised ceramic production complexes in mainland Southeast 
Asia provides a valuable perspective on the fundamental social, political and 
economic shifts that accompanied region-wide changes in political and economic 
organisation. Since the early 1970's the trajectory of historical stoneware 
production in central Thailand has been intuitively linked to the wider economic 
developments of the region as passing comment by Watt illustrates:
It would be surprising if the cessation of Sawankhalok pottery was caused ultimately by
changes in the trade pattern in Southeast Asia as a result of the Spanish (1971).
The absence, however, of a sufficiently rigorous interpretative framework for the 
peculiarities inherent in these developments has meant that the significance of 
ceramic production in the socio-political and economic alignments of the region 
have largely been passed over. In this chapter I critically evaluate arguments for the 
economic and political embeddedness of specialised production (e.g., Brumfiel and 
Earle 1987; Knapp 1990) and the way direct and indirect sources of evidence have 
been used to address this issue. Through an examination of how specialised 
production has been related to social complexity (albeit economic and political 
development) I attempt to identify the features most relevant to each in the context 
of stoneware production in northwestern Thailand.
Data for the ceramic production centres of Southeast Asia are uneven and 
exacerbate the debate surrounding their origins and development. Yet on a global 
scale the evidence for craft specialisation in the form of ceramic production and 
exchange in mainland Southeast Asia is unusually extensive and complete.
Although the technology of production is well preserved in both kiln remains and 
ceramic wasters in mainland Southeast Asia, the relationship between these two 
distinct facets of production is still poorly understood. The most sensitive indicator 
of shifts in ceramic production and consumption patterns is, arguably, the change 
through time of the products of these centres. But without control over stratigraphic 
sequences this change cannot be detemiined directly. Ironically the failure to 
resolve even basic questions such as the duration and period of a production centre 
stems from the high visibility of many of the ceramic production sites. Typically 
ceramic production sites have been extensively disturbed by fossickers if not 
systematically looted. Virtually absent at lowland ceramic production sites is the 
potential for internal chronological control, as might be expected from excavations 
of better preserved and stratified sites. However, looting has not masked 
technological developments in stoneware production and abundant kiln remains and 
ceramic wasters provide evidence for the type and range of products of different 
centres. Together the remains of kilns sites and their wasters make identification of 
the products of different centres relatively straightforward.
The organisation of specialised production
The distinction between attached and independent specialisation is a recurrent 
theme in research on specialised production of prestige goods in relation to 
increasing economic complexity (e.g., D'Altroy 1994). As proposed by Earle 
(1981), attached specialisation is a development of political processes. In contrast 
independent specialisation is a response to utilitarian, economic needs (Brumfiel 
and Earle 1987; Costin 1991). The perceived significance of the distinction has 
been summarised by Costin:
In pre-industrial societies, attached and independent specialists usually produce different 
types of goods. Items manufactured by independent specialists tend to be 
utilitarian...Suppliers are most often driven by profit or efficiency motives. Attached 
specialists produce several types of goods of key importance within the political economy 
and the status, power, or control structure of society...Attached specialisation appears to 
evolve along with social inequality, as a means for elites to supply themselves with 
special, high value goods to finance their activities, and to control the ideology and 
technology of power (1991: 11-13).
The study of craft specialisation involves complex comparisons over a range of 
political, economic and environmental constraints in which production is imbedded,
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and is frequently employed as an archaeological measure of social complexity. 
However, limitations inherent in the material remains as well as in some of the key 
concepts have led to a degree of incoherence in accounts of the economic and 
political significance of specialised production. That is determination of the 
character of specialised production is often not possible through direct evidence, 
while social or political inferences predicated on arguable economic distinctions 
between, for example, attached or independent production, remain problematic.
A lack of consensus about the meaning of terms and concepts used in discussions 
of pre modem specialised production has been addressed by Costin (1991). In an 
attempt to standardise the range of concepts used in the analysis of specialisation 
Costin compiled a multi-dimensional typology of specialised production through a 
synthesis of several recent studies. In this scheme production organisation is 
divided into eight types ranging from individual to workshop and the types are 
classed by four parameters- context, concentration, scale, and intensity- with each 
parameter divided into opposites (ie., context divided into attached or independent; 
intensity divided between full and part time; and so on). The tabulation is an 
attempt to present a consistent terminology for the features that have been 
variously proposed to characterise specialised production. The opposition of 
parameters is a device to emphasise the multi-dimensional character of 
specialisation but does not reflect any inherent relationship between opposites. For 
example individual production in an independent context is socially and 
economically a type of specialisation distinct from the attached context of a 
retained workshop. The arbitrary character of this formulation reflects the 
difficulties encountered when trying to breakdown specialisation into discrete 
categories (Bmmfiel and Earle 1987; 5).
The continuities in Costin's classification, as well as inherent incongruities, can be 
re-established through a sériation where each of the variables is treated as 
independent and the correspondence between production units and parameters is 
optimised. In the resulting sériation (Table 3.1), continuities between types of 
specialisation form a broad trend with attached retained workshops at one extreme 
and dispersed individual production at the other. Ambiguities in Costin's original 
tabulation of levels of specialist organisation are evident as missing points within 
this trend and suggest that combinations such as attached nucleated workshops or 
dispersed community-based production would be difficult to distinguish 
archaeologically from adjacent categories of specialisation. More certain are the 
exclusive types of organisation and parameters on either side of the seriated data.
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Thus, although the scheme proposed by Costin has sixty four possible conditions in 
the seriated table, a much smaller range of states are shown to be mutually 
exclusive: i.e., individual workshops are clearly distinct from attached workshops 
suggesting that the associated economic and political conditions of organisation 
would also be distinct.
Table 3.1. The organisation of specialisation (Costin 1991). Sériation indicating the 
underlying continuities and inconsistencies in the categories (indicated by ?).
The Organisation
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Nucleated Workshop 
Dispersed Corvee 
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Corvee
Retainer Workshop
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The evidence for specialised production
Costin provides a valuable discussion of direct and indirect evidence necessary to 
distinguish between different types of specialised production (1991: 18-31). Direct 
evidence includes production loci and debris that help detemiine the context of 
production, ie., whether attached or independent specialisation, and the 
concentration of production where uneven distribution of production debris
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indicates nucleated production. Costin argues that the scale and intensity of 
production are more difficult parameters to assess by direct means. Scale can be 
measured by output but high output can be equally the result of a few large 
facilities or many small ones. Intensity is the most problematic parameter to define 
archaeologically as density of production debris, used to distinguish full-time from 
part-time production, is more accurately a measure of output, in itself a compound 
function. Indirect evidence for the relative degree of specialisation includes 
standardisation as a measure of number of production units (Arnold 1985; Barnes 
1987; Rice 1981), proficiency and efficiency in manufacture, and discrete regional 
variations/fall-off curves.
Specialised production in mainland Southeast Asia
Direct evidence of specialised ceramic production in mainland Southeast Asia is 
evident in kiln remains and associated production waste, removing several of the 
methodological problems involved in determining production technology with 
indirect evidence (Figure 3.1). However, even with the relatively well-preserved 
direct evidence of specialised ceramic production problems still remain in defining 
the nature of specialised production for a number of the sites. A general picture of 
the character of organisation of production centres in Thailand and Laos can be 
built up for a number of reported sites in the region using the number of kilns as a 
measure of intensity, proximity to urban centres as a measure of attachment, 
whiteware production as a measure of resource dependence, occurrence in upland 
burial sites as a measure of interregional trade, and number of separate production 
units as a measure of dispersion (Table 3.2). For the present study specialised 
production could conform to either community or nucleated workshop 
specialisation (aggregated within a single community, producing for unrestricted 
regional consumption), and corvée or retainer workshops (part-time or full time 
artisans working for an elite patron or government institution within a segregated, 
highly specialised setting or facility). Only Vientiane (Hein et al. 1992), Sukhothai 
Sukhothai (Gosling 1991; Kraisri 1988; Rajani 1976; Vardhanabhuti 1969;
Vickery 1978; Woodward 1978) and Sawankhalok (Barbetti and Hein 1989; Hein 
and Barbetti 1988), can be thought of as "attached" in Costin's definition. But a 
separation can be made between production sites that are close to urban centres 
(within a radius of ca. 25 km.): Sankamphaeng (Brown 1988; McBain 1978), 
Phayao ( Shaw 1985; Shaw 1988; Shaw 1989) Lampang (Shaw 1989), and Nan 
(Praichamchit 1985), and those that are dispersed within a region and are beyond 
25 km of any major urban centre of the historic period: Kalong (Brown 1988;
Shaw 1988; Shaw 1989; Shaw 1985), Phan (Brown 1988; Gluckman 1974; Miksic 
1977), and Ban Kruat (Chandavij 1990; Khwanyuen 1985; Sangwaen 1987).
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Figure 3.1. Map of mainland Southeast Asia showing the principal historical towns 
and location of stoneware production complexes discussed in the text.
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The majority of production sites occur near urban centres and more than half of 
these are composed of fifty kilns or more. Dispersed sites are fewer, invariably 
associated with whiteware production, and evidently located according to the 
distribution of suitable clays. Only the complexes in the Kalong valley total more 
than fifty kilns. With the exception of the Khmer site of Ban Kruat, Kalong, Phan 
and Sawankhalok whitewares were used in inter-regional exchange as indicated by 
the ceramics of upland burial sites indicating . Of the remaining sites in Thailand 
Nan, Phitsanulok, and Lampang are not represented in northwestern inter-regional 
trade.
Table 3.2. Sériation of five attributes and thirteen ceramic production centres in
central northern Thailand and Lao PDR.
£c
Ban Xang Hai •  •
Nan •  •
Phitsanulok •
Lam pang •
Sankam phaeng •  •  •
Lamphun •  •
Phayao •  •
V ientiane •  •  ?
Sukhothai •  •  •
Sawankhal ok •  •  •  •  •
Kalong •  •  •  •
Phan •  •  •
Ban Kruat •  •
The dichotomy between political and economic process proposed by Costin and 
others is difficult to maintain even for the large body of direct evidence of 
specialised production in northwestern Thailand and Laos. The problem in 
distinguishing private- from elite-controlled production is most clearly seen in the 
characterisation of production at Sawankhalok. Of the range of production 
complexes in northwestern Thailand and Laos only three can be classed as 
attached, that is immediately adjacent to or within an urban precinct, with over 50 
kilns in each complex. Both Sukhothai and Sawankhalok wares were used as 
regional and international trade goods and although the Vientiane wares have yet to 
be reported outside the city precincts this production centre is likely to have 
serviced a wider inland trade network in the northeast. However, Sawankhalok is 
also located near to localised resources, an attribute that is otherwise the 
distinguishing feature of independent producers. The contradiction relates to a
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possible artificial distinction at the level of the location of ceramic production 
complexes and "attachment". As D'Altroy points out:
the organisation of labor and access to products are dependent upon complex relations 
between producers and consumers ... attached specialisation encompasses widely 
divergent organisational trends (1994: 358).
The lack of a clear boundary between the various components of attached and 
independent specialist production in East Asian contexts is exemplified by ceramic 
production at Jingdezhen in Southern China of the later sixteenth century AD:
The imperial workshops did not actually fire their own products...firing was carried out 
at private kilns where imperial porcelains were accorded the best positions in the kiln. 
The private firms guaranteed the colour of each firing and were required to pay 
compensation for any loss or imperfection. This efficient system, called in Chinese texts 
"official supervision linked with private firing" had been used on occasion towards the 
end of the Ming dynasty...In this way, the best quality official wares were fired together 
with popular wares in the same kilns (Kerr 1987: 42).
Thus rather than a meaningful way of distinguishing between political and 
commercial activity independent or attachment of production is inappropriate and 
possibly misleading for understanding the economic and political context of East 
and Southeast Asian ceramic production. As most of the production of tradewares 
in northwestern Thailand either emulated or competed with other trade wares the 
competitive aspects of specialised production may provide more useful distinctions 
(c.f., Fienman, Kowalski and Blanton 1984). Diversity in production can provide a 
measure of a non-competitive environment, and specialisation a measure of 
competition. Competition among producers supplying the same type of goods to the 
same market will result in similar levels of organisation as the optimal (specialised) 
mode of production is established (Costin 1991: 13). In contrast production can 
become less specialised during periods of economic (and political) fragmentation 
(Costin 1991:38).
Indirect measures of specialisation
The identification of craft specialisation through indirect measures of 
standardisation (Blackman, Stein, and Vandiver 1993), and the recognition of 
cultural and environmental constraints (Arnold 1985, Rice 1981), have been a 
major focus for recent archaeological literature concerned with identifying different 
types of specialised production (Brumfiel and Earle 1987; Costin 1991; Henrickson 
and Blackman 1992; Rice 1977). The problem of simply identifying standardised 
products has been noted by Sinopoli:
Standardisation results from increased efficiency of production and minimization of labor 
costs through repetitive actions...the definition and identification of what constitutes 
standardised products may vary considerably, and presents a methodological problem for 
archaeological analysis (1988: 582)
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Ethnographie research has demonstrated that ceramic production can involve a 
conflicting spectrum of sources of variation from stability and universality of 
knowledge of production techniques to active experimentation, the use of new 
techniques, the appearance of "pottery secrets", and the loss of techniques after 
short periods of production (Foster 1968:58). Therefore archaeological evidence of 
specialised ceramic production is typically confined to assessment of production 
organisation and techniques: eg., proficiency of manufacture, mass production, and 
production areas or regions. (Rice 1981). Yet both regulation of variety in raw 
materials and manufacturing methods, and standardisation or a reduction in 
variety, and elaboration can be contemporary developments that confound ready 
identification (Rice 1981: 219-20).
The measurement of Stoneware as a commodity
The question arises as to what method can provide the optimal characteristics for 
the archaeological study of the process of commoditization. The optimal artefact 
would have a time depth sufficient to provide the possibility of a demonstrable 
transition from one economic mode to another. It would be a synthetic material 
with the potential for a range of production pathways and hence reconstruction 
through direct analysis. Ideally a limited range of natural resources would be 
involved to facilitate the isolation of technological variation from variation inherent 
in the materials used. The class of artefact would have to play a demonstrable place 
within a regional economy with the potential for a number of regional producers to 
allow the possibility for the operation of market-type forces of production. It would 
have a distribution amenable to a graded scale of analysis providing scope to assess 
potential social, political, and economic impacts of changes in the commodity 
process.
The optimal characteristics of the specialised production of stoneware as a 
commodity can be formalised in the following way:
1. a class of artefact that transcends pre-capitalist and capitalist economic
fonnations.
2. a manufactured good rather than raw material.
3. production based on a minimal number of natural resources
(environmental variables)
4. integration within a regional economy
5. production at a number of regional centres (potential for competition)
6. a social, political, and economic context
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In order to measure changes in Inland specialised stoneware production relevant to 
the pre modem to early modem economic transition an appropriate "currency" is 
required (Torrence 1989: 3-4). The criteria for comparing measures of ceramic 
production are dependant on the scale of analysis. At the local scale individual 
workshops have been identified using variables such as design and form (Nelson 
1991). But as the scale of analysis moves toward regional indicators of specialist 
practices form and design become less useful. A more reliable measure of 
qualitative shifts in production strategies requires the identification of variables less 
sensitive to complex interactions and sampling biases:
The logical choice, then, is to confine our studies to aspects of variability that reflect 
unconscious patterning, motor skills, subtle differences in technology, and slight 
differences in raw materials...Conclusions are significantly strengthened when two or 
more independent sets of variables... yield complimentary results (Costin 1991: 35)
The range of techniques have been used to describe ceramic fabrics in terms of 
their physical or chemical properties (Rice 1987; Sinopoli 1991; Orton, Tyers and 
Vince 1993). Of the these, elemental analysis has attained pre-eminence as a 
powerful core technique (Bishop 1980; Bishop and Neff 1989; Bishop, et al. 1988; 
Jones 1986; Neff, et al. 1990; Neff, et al. 1988). Ancillary techniques can include 
independent measures of appearance such as morphology and decoration (eg. 
Benton, et al. 1993; Henrickson 1992), or physical measures such as mineralogy or 
porosity (e.g., Stoltman 1992 ). Technological development measured through 
changes in composition has received less attention than questions of the relationship 
between distribution of wares and patterns of resource use (Neff 1992), or of 
technological specialisation measured through clay variability (Cagal 1992).
Typologies of Southeast Asian stonewares
For the ceramics of Southeast Asia variation in form and decoration has been used 
to develop regional divisions as well as broad chronological distinctions (Brown 
1988; Shaw 1988; Shaw 1989; Lemer 1978). Yet even the best researched of the 
kiln sites of Thailand -Sawankhalok- has failed to provide sufficiently detailed data 
to chronologically link kilns and their products. While a systematic analysis of the 
typology of mainland Southeast Asian ceramic production complexes is beyond the 
scope of the present study some discussion of the complexities involved in 
determining the socio-economic significance of ceramic types is required.
Typologies of mainland Southeast Asian glazed stonewares have yet to be finalised. 
This is due in part to the apparent longevity of types, the extensive disturbance of 
the kiln sites and the potential bias inherent in a sample comprised of kiln waste. 
One of the few attempts at a detailed typology for decorated and glazed stonewares
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of central northern Thai wares of the trade ware period has been assembled by 
Rooney (1990). Seriation of the original table of data emphasises breadth of 
production at Sawankhalok as, with few exceptions, the range of wares from this 
site encompass that found at other sites, both in shape and decorative treatment.
Table 3.3. Ware typology for ceramic production centres, central northern 
Thailand. Seriation between shapes, decorative treatment in relation to production
centre
War* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 Klin complex
tram end Wirte • • • • 1 Somrkhdok
Write rronofriare • • • • • 2 Sctetnkhdck
under çjcxeblcrk • 3 Samnkhdok
under çjer© berk • • • • 4 Sukhdhd
tjcvn rrmod'rcme • • • • • • • • • 5 S cvwcnkhdck
aekxfcn mcnodrrcme • 6 Sa*cnkhdok
aekzfcn • • • • • • • • 7 Rxn
undaçjcxdtkrk • • • • • • • • 8 Kdcng
Write rrcnodrrcrne • • 9 Sckhcrfha
aekrfcn • • • • 10 Scrkcrrphaeng
oekxfcn • • • • • 11 Kdcng
under {jaetkrk • • 12 Scrkarphaeng
treten mnexherre • 13 Scrkcrrphaeng
brown mcnodrcme • • 14 Kdcng
tteoeder • • 15 Scrkcmphaeng
S hap* legend
1 oeveredbex 10
2 adrrteckjd 11 pfc*»
3 paf 12 kend
4 figjeOxmcn) 13 icr
5 8gje(cnmd) 14 staegeja
6 stemdsh 15 dsh
7 teilte 16 vcie
8 boW
9 mrkju/«
17 d lc rp
For the tradewares of Sawankhalok and Sukhothai, the wide range of fomis and 
designs used are never represented at any one site. Shipwreck and burial sites 
provide evidence of ware associations and contemporaneity between production 
centres but say little about longevity of a type. The wares from other mainland 
Southeast Asian production centres that are only exchanged regionally are even 
more problematic as few stratigraphically intact consumer sites have been 
preserved (eg., Fox 1959). Style is unreliable as it is susceptible to factors that 
undermine it as a marker of chronological change such as deliberate archaising and 
copying between secondary centres (Brown 1988). Thus, the abundant evidence of 
the impact of Chinese trade wares on local production in the form of stylistic 
transfer (Richards 1991) is of little assistance in determining the chronological 
development of Southeast Asian ceramic production at this time.
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Southeast Asian ceramic technology
Indeterminacy in the relationship between ceramic types and kiln technology 
underlies the confusion about the significance of the introduction and development 
of stoneware technology in mainland Southeast Asia. The local variations evident 
within Southeast Asian stoneware production have provoked arguments about the 
development of local production. Two major technological traditions were 
employed for stoneware production in Southeast Asia and debate surrounds the 
social, political and economic significance of this innovation. The most likely 
mechanism for the initial dissemination of the technology has been suggested as the 
expanded geo-political Khmer network in inland Southeast Asia from the ninth to 
fourteenth century AD (Brown 1988: Shaw 1989). A number of Khmer production 
sites have been identified in Cambodia and Buriram Province in northeastern 
Thailand (Brown 1988; Division of Archaeology 1989; Sangwaen 1987; 
Vallibhotama 1974), but the development of stoneware production at more remote 
Khmer settlements is less well understood.
A central element of Khmer territorial expansion was the development of overland 
transport in that connected outlying areas with the Cambodian core. Remains of 
Khmer-type road systems extend as far as Luang Prabung to the north, and 
Kamphaeng Phet to the west (Déricourt 1962; Vickery 1987), and the earliest 
provincial stoneware production in these areas dates from the period of Khmer 
expansion. The Khmer road system provided a new transport technology but one 
that was not neutral: it allowed rapid overland communication and facilitated 
transport of produce and goods to core areas. Brown argues that Khmer ceramics 
were valued for political rather than economic purposes with the large numbers of 
kilns in Buriram Province part of the "systematic expansion of rule over the Khorat 
plateau". Long-distance overland transport of locally produced stonewares would 
demand a high degree of internal political integration rather than a local means of 
extracting surpluses to feed into regional exchange stoneware production. But to 
directly correlate a particular technology with integrative economic or political 
mechanisms highlights the character of assumptions about the economic and 
political function of stoneware production in mainland Southeast Asia. Not only 
would the bulk transport of ceramics overland from the core to outlying areas be 
prohibitively expensive, such a strategy suggests that specialised production under 
the Khmer was administered for political purpose, an assumption for which there is 
little evidence (Hall 1992).
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Excavations at Angkor indicate that the Khmer capital preferred Chinese wares, a 
basic value difference between imported prestige wares and local ceramics that 
points to the relative inferior social and economic value of locally produced 
stoneware. This contrast invites the suggestion that local production provided " a 
provincial man's substitute for vessels of precious metals and Chinese ceramics" 
(Brown 1988: 46-47). A further implication is that local ceramic production in 
provincial Khmer areas reflects an economy based on scarcity of prestige goods 
and a market for locally produced stonewares.
The regional differences in kiln technology and wares evident in localised 
stoneware production has been cited as a counter to the argument for Khmer 
involvement in stoneware production in provincial areas. An objection to the 
introduction of stoneware production through Khmer contacts in these areas on 
technical grounds, is that the distinctive rectangular and multi-chambered form of 
the Khmer kilns north and south of the Dangraek mountains are not encountered 
elsewhere in Southeast Asia (Brown 1988). The relatively simple cross-draft kiln 
used for stoneware production in central northern Thailand and Lao PDR is a type 
similar to the Chinese gourd or egg-shaped kiln (Hein 1990; Kerr 1986: 39-42).
Small cross draft kilns of Phayao in northern Thailand have been argued to be 
earlier than the earliest kilns at Sawankhalok (1000-1200 AD). Similarities with 
Khmer glazed wares have been used to suggest Khmer influence on the stoneware 
production at this site (Shaw 1987: 34; Shaw 1989: 123). But the shared stoneware 
traditions between northern Thailand and Sawankhalok, most notably in a type of 
lipped bowl with a glazed interior and more cursory exterior finish, have also been 
used to promote a suggestion for the indigenous development of stoneware 
production in this area (Shaw, 1989: 38-39; Brown, 1988; Hein, 1985). The 
suggestion is that stoneware production was brought with Thai migrants from 
southern China in the eighth century rather than disseminated through Khmer 
networks (Nakon Prah Ram 1937).
...most writers preferred the simple theory that all of the northern kilns were the work of 
potters from Sawankhalok...But as more and more kiln sites have been discovered- with 
no end in site- it has become clear that the explanation must be far more complex...The 
earliest wares (at the northern kilns sites of Kalong and Sankamphaeng, and 
Sawankhalok) seem to be off-shoots from a single shared tradition-still unlocated but 
probably in the Yunnan-Chiangsaen area- and then to have developed individually. 
(Brown 1988: 81-82)
Only one archaeological kiln site has been reported in Yunnan Province, at Yuxi.
This site produced wares stylistically attributed to the Yuan period (1260-1368 
AD) (Fung Ping Shan Museum 1981: 98, nos. 316-323 ; Hughes-Stanton and Ken-
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1980). The Yuxi wares exhibit numerous parallels with Thai ceramics in shapes, 
decorative elements, and technical details including the use of spur supports.
I have argued that regionalism in Southeast Asian stoneware alone does not conflict 
with a Khmer origin for the technology at Sawankhalok. As Khmer foundations, 
Sawankhalok and Sukhothai were among the most remote of the western outposts 
(Gosling 1991; Rajani 1976; Shaw 1989a: 7; Vickery 1987). The early date for the 
appearance of stoneware production at Sawankhalok corresponds to the period of 
Khmer control. With the disintegration of the Khmer network in the thirteenth 
century AD (Coedes 1968), local elites are argued to have transformed these 
"outposts" into independent city states and aggressively pursued strategies for local 
political and economic expansion (Tambiah 1976). An alternative to the political 
control of the Khmer over these western polities is the willing participation of local 
elites in the legitimation provided by the temple-based political economy for the 
Khmer (Hall 1992). The Khmer temple economy provided both a means of 
acquiring wealth and status as well as religious emblems of legitimation for 
peripheral elites (Christie 1983; Reynolds 1995); approaching the periphery this 
economy was most dependant on the cooperation of regional elites rather than on 
the political control of the centre (Vickery 1985a).
At Sawankhalok the longevity and scale of ceramic production has prompted 
suggestions that ceramic production, trade and the economic development of the 
urban centre associated with this production complex are directly connected to 
regional economic developments. A suggested breakdown of production into 
distinct phases beginning from the early 13th century (Shaw 1989a) conflicts with 
the proposed early date for the appearance of stoneware production at 
Sawankhalok (around 1000-1100 AD: Barbetti and Hein 1989), and the evidence 
for "gradual and continuous development" in production techniques over several 
centuries at this site (Hein 1990: 226; Hein, et al. 1985: 17).
In an attempt to integrate the archaeological data with stylistic and historical data 
Shaw elaborates on the subsequent expansion of Sawankhalok into a major 
producer of trade wares. Ceramic production at Sukhothai was thought to have 
been earlier than at Sawankhalok was shown to be in fact later. The similarities 
between the wares and kilns of both sites suggested that they were contemporary 
developments. Production as Sukhothai attracted itinerant Chinese or Vietnamese 
potters, an argument based on the apparent appearance of new styles of decorated 
stonewares at about this time:
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...it was not an organised group of potters under royal patronage, but isolated groups of 
potters which arrived in Sukhothai around the year 1300. Some of these potters would 
have come directly from China, but others may have come from, or via, Annam (Shaw 
1989a: 24)
The earlier date of Sawankhalok kilns and a proposed indigenous ethnic 
development of stoneware in the region can then be resolved:
If Chinese potters came to Sri Satchanalai (Sawankhalok) and found a simple local 
ceramic industry this would help to explain the Thai character of so many of these 
wares...the Chinese would have found and upgraded a type of kiln already in use rather 
than imposing their own system. The Thai kilns, from the beginning, produced wares 
many of which were clearly of native inspiration in shape and design. This would be 
natural if the Chinese expertise was joined to an existing industry (Shaw 1989a: 25)
Shaw attributes the end of specialised production to a range of factors including 
local political disruptions that inhibited continuous production, renewed export of 
"enormous' quantities of cheap and technically superior Chinese trade wares from 
the later fifteenth century, and pressure by Chinese merchants at Ayyuthya to 
purchase Thai raw materials with Chinese trade wares (Shaw, 1989: 29-30). The 
inconsistencies in the discussions summarised above can, in large part, be 
attributed to the extremely limited data available for kiln sites in northwestern 
Thailand. In the following section I summarise and present new data on the current 
state of scientific knowledge about the dating and developments of stoneware 
production in northwestern Thailand and Lao PDR.
Chronometric studies
Only one systematic study has been undertaken on the dating of mainland 
Southeast Asian kilns and associated deposits (Barbetti and Hein 1989; Barbetti 
1990). The finalised results of this work have yet to appear and the following 
introduction includes preliminary and unpublished data made available for this 
summary. Kilns have been investigated in three regions: central northern Thailand 
(Barbetti and Hein 1989; Hein and Sangkhanukit 1987), central and northern Laos 
(Hein et al. 1992), and Burma (Hein, et al. 1989). These complexes have been 
dated using a combination of relative and absolute dating techniques. The most 
promising of these are radiocarbon (14C) and palaeomagnetic measurement. 
Excavation of multiple stratified kiln structures provides a further source for 
relative dating.
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The need to employ two independent dating techniques for the chronology of the 
kilns relates to limitations inherent in each. A complication for the use of 14C are a 
series of plateaux in the radiocarbon calibration curve for the 11th, 14th, and 16th 
century (Figure 3.2). These regions effectively increase the range of a calibrated 
date even at 68% confidence. As a result 14C calibrated ranges for the 11th and 
14th century AD are typically in the order of a century or so. The dispersion plot 
shows the decadal calibration curve for the period 1000-1700 AD. Note the flat 
areas in the curve at 1000-1150 AD and the peaks at 1300-1400 and 1600-1955 
AD are an inherent limitation that prohibits high resolution for 14C dates in these 
areas.
Figure 3.2. The decadal calibration curve for the period 1000-1950 AD. The 
plateaux at 1000-1150 AD, 1300-1400, and 1500-1640 are an inherent limitation that 
prohibit high precision for 14C dates in these areas.
Dating by the magnetic characteristics of a kiln structure provides an alternative 
method of achieving greater precision in the relative dating of kilns in these periods. 
The dynamics of the earth's equatorial magnetic field has been well characterised 
from the 17th century (Hutcheson and Gubbins) and provides an historical starting 
point for changes in the declination and inclination of the field in Thailand. Kiln 
structures preserve remanent magnetism trapped by the last firing-cooling cycle of 
the kiln. Systematic sampling and measurement of the magnetism can be used to 
establish relative sequences of kilns with results expressed as variations in the 
declination and inclination of the dipolar magnetic field (Barbetti 1987). When 
measured against the trend towards a lower inclination and declination, and in 
combination with stratified kiln structures and 14C dating, the palaeomagnetic path 
can provide an unambigious series. Palaeomagnetic data for isolated kilns can then 
be fitted along the path (Figure 3.3).
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A weakness of the technique is variation associated with the erratic characteristics 
of the dipole and non-dipole field. The sum effect is to introduce anomalies that, in 
the absence of 14C or stratigraphic data, requires subjective interpolation of the 
points to achieve a best fit pathway. While a number of alternative pathways can 
be proposed for the fifteenth and sixteenth centuries, the palaeomagnetic data are 
unambigious for the 10th -14th and 15th-17th centuries AD. The use of 
palaeomagnetic dating is thus essential for establishing the timing of kilns that date 
to these two critical periods for innovations in stoneware production in Southeast 
Asia.
The dispersion plot shows palaeomagnetic declination and inclination data for 
Southeast Asian kilns coded by period with the known dipole position from the 
17th century. These are connected by an estimated path. The plot of measured data 
provides a palaeomegnetic calibration curve for mainland Southeast Asia. In 
addition to modelling the behaviour of magnetic anomalies, the overall systematic 
trend towards lower declination and inclination corresponds well with theoretical 
predictions of the movement of the dipole and accompanying shifts in the 
inclination of the magnetic field in the first half of the second millennium (Merrill 
and McElhinny 1983: 100). The stratigraphic sequences from Sawankhalok such 
as the twelve kilns of the KN42 excavation provides the logic for the 
palaeomagnetic path. For the fourteenth century loop the stratigraphic logic allows 
very high accuracy in the pathway. The placement of the Pa Yang kilns in the later 
sequence is problematic as the palaeomagnetic data could equally be 
accommodated within the fifteenth or late sixteenth early seventeenth century 
section of the path as shown. The Pa Yang kilns are not stratified and are included 
by Barbetti and Hein in the fifteenth century section of the path only with some 
uncertainty (Barbetti and Hein 1989: 67). The unresolved dating of the Pa Yang 
kilns will be taken up in the discussion of kiln technology below.
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Figure 3.3. The palaeomagnetic path for Southeast Asian kilns broken up by century 
showing the position of the Sawankhalok KN42 stratigraphic sequence of twelve 
kilns, and the first historical position derived from the seventeenth century model of
Hutcheson and Gubbins.
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Palaeomagnetic data indicates that the earliest stoneware kilns in Southeast Asia 
date from the 10th - 12th centuries AD. Cross draft in-ground kilns are already 
widespread by this time and were used at Ban Xang Hai, Luang Prabang (northern 
Lao PDR) to Sawankhalok and Suphanburi in central northern Thailand. An 
overlap in the 14C dates for in-ground and surface brick-built kilns in the 14-15th 
century AD at Sawankhalok provides important new evidence for a technological, 
rather than chronological, distinction between the two kiln types. Many of the 
surface brick kilns at Sawankhalok and Sukhothai date to the 15th century AD as 
do surface kilns at Phitsanulok and Lagumbyee (Burma). The latest kilns at 
Menam Noi (Singburi Province) are 16th and possibly 17th century AD, as are in- 
ground kilns at Vientiane (Lao PDR). Stoneware production using in-ground kiln is 
still carried out in areas around Luang Prabung.
Sawankhalok and Sukhothai
In the debate surrounding a likely origin for advances in kiln design in the region, 
field work undertaken at Sawankhalok (modem Sisatchanalai) remains the most 
detailed dataset for the typology and chronology of Southeast Asian stoneware 
production. Ceramic production at Sawankhalok is associated with glazed and 
decorated stonewares that emulated, and competed with, the trade wares of long 
established Chinese production centres (Richards 1991). The success of this 
competition is evidenced in the widespread distribution of Sawankhalok wares
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throughout the Southeast Asian archipelago (Guy 1987). In the absence of a more 
detailed chronological framework these wares are conventionally dated within a 
mid fourteenth to sixteenth centuries AD span (Brown 1988; Bulbeck 1992).
Interpretation of the development in large scale production at Sawankhalok has 
major implications for the ways we view the relationship of Southeast Asian 
ceramic production and the regional economy. The question centres on the role 
external trade played as a factor in the rise and maintenance of these centres 
(Vickery 1990: 25). The view that it represents a gradual technological evolution is 
contrasted with the possibility of parallel technologies and development punctuated 
by responses to external factors (Hein and Barbetti 1989). If ceramic production 
was initiated to serve local interests, at what point does it respond to market 
economies within a wider regional context?
Of the estimated total one thousand or more kilns at Sawankhalok, it is estimated 
that less than four percent have been documented (Figure 3.4). The stoneware kilns 
at this site have been separated into two successive groups: in- ground and more 
technically advanced surface kilns. Supporting arguments employ typological, 
stratigraphic and the results of absolute and relative dating techniques. The first 
group, composed of small in-ground cross-draught kilns, are associated with 
unglazed earthenwares, stonewares and distinctive green glazed wares chemically 
indistinguishable from each other (Grave, Hein and Barbetti 1995). The second 
group, consisting of large surface brick kilns is associated with the trade wares.
The difference in ware associations also has a technological significance as the in- 
ground kilns are suggested to be unable to achieve the high temperature controlled 
firings attained by more technically advanced surface kilns (Hein and Barbetti 
1988).
Radiocarbon and thermoluminescence (TL) dates indicate that the period of 
ceramic production at Sawankhalok spans the tenth to seventeenth century AD 
(Barbetti and Hein 1989: 67-68; Robertson and Prescott 1988). The in-ground 
kilns are dated between the tenth and fifteenth centuries and the surface kilns 
between the thirteenth and seventeenth centuries. Palaeomagnetic dating using the 
magnetic declination and inclination remnant in the fabric of the kiln from its final 
firing has also been employed to try to relate unstratified kilns to stratified kiln 
sequences. An argument that the kiln designs evolved through time is supported by 
stratigraphic sequences of successive kilns (Hein 1990; Hein and Barbetti 1988).
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Figure 3.4. Map of Sawankhalok, the ancient kiln sites and modern villages along the 
River Yom to the north of the ancient city (Source: Barbetti and Hein 1989), compared to
a schematic map of Sukhothai
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In a summary of the results of the archaeological study of Sawankhalok, Barbetti 
and Hein (1989) presented a typology of the differences between in-ground and 
surface kilns at the site. This involved 45 in-ground and surface kilns ordered 
according to the presence or absence of 38 attributes. Thirteen variables 
characterise construction features of surface kilns, 9 relate to the construction of 
in-ground kilns, 9 are common to the construction of both classes of kiln, and 5 
describe the association of different classes of stoneware. The ordering of the kilns 
is informal and the authors recognised inconsistencies between 14C/T1 dates and an 
assumed evolutionary kiln typology:
...dates as young as the fifteenth century (for in-ground kilns) seem unlikely if in-ground
kilns predate the surface kilns (Barbetti and Hein 1989: 67).
...the seventeenth century thermoluminescence age for KN111 is young in view of...the
kiln typology which places KN111 before KN54 and KN7 (Barbetti and Hein 1989: 68)
The proposed kiln typology of Barbetti and Hein involves degrees of uncertainty 
that reflect the authors cautious approach to the complex range of factors 
impinging on this material. In the following the relationship between the large 
number of variables and kilns is reassessed to develop a more formal description.
To use a sériation routine to organise the levels of variation imbedded in the dataset 
rescaling of the data was nessecary, where positive attribute associations are given 
the value 1, probable associations 0.7, and possible associations 0.3. In the first 
analysis the correspondence between technological variables and kilns is checked 
using a presence absence sériation (Table 3.4). Proposed ceramic associations are 
omitted to avoid circularity in the sériation logic. Note that positive associations are 
indicated as a heavy hollow circle, probables as a dotted circle, and possibles as a 
light hollow circle. In the reseriated table the structure was improved by seventeen 
percent on the original tabulation. Note the occurrence of above ground kilns in the 
in-ground kiln group (shaded).
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Table 3.4. Sériation of kiln technology at Sawankhalok and Sukhothai (UK) for 
above ground and in-ground kilns (shaded). Solid circles= positive attributes, dotted 
circles=probable associations, and hollow circles = possible associations (from
Barbetti and Hein 1989).
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PCA allows the typology of the kilns to be related multi-dimensionally according to 
the strength of association with variables (Figure 3.5). For a detailed description of 
the method see Chapter 4. With most of the data structure usually accounted for in 
the first couple of principal components the results can be conveniently represented 
in a dispersion plot. In the PCA analysis of the Sawankhalok kiln data, the first 
component separates two groups of negatively loaded and positively loaded 
variables (Table 3.5). A third source of variation is accounted for on the second 
component with a third group of positively loaded variables. Points representing 
individual kilns tend to be dispersed along a curve, the apex of which is controlled 
by the third group of variables. When the kilns belonging to the KN42 stratigraphic 
sequence are linked together a typological development is apparent on the first 
component from in-ground to surface kilns.
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Figure 3.5. Dispersion plot of the first and second principal components of in-ground 
and surface brick kilns from central northern Thailand with the KN42 stratigraphic 
sequence from the earliest in-ground to the latest surface kiln. For the 
corresponding variable loadings the approximate region of the three clusters is
numbered (1,2, and 3).
2
A
KN42 stratigraphy 
Above ground kilns
In ground kilns
O '
Second Principal Component
Table 3.5. Eigen loadings for the PCA of the in-ground and above ground kilns 
organised by contribution to the object scores of the dispersion plot (above), and 
sorted according to strength of contribution.
(orig. variable order from Barbetti and Hein 1989 Table 1)
PC2 PCI Orig. Variables (1) PC2 PCI Orig Variables (2)
-1544 -8295 16 dug from firing pit
697 -7182 29 firewall, low 3016 5697 28 firewall, medium
-2669 -6861 34 stoneware, early (MON) 3970 1203 5 clay plastered exterior
-3465 -6733 20 protruding firehole, short 4208 1727 7 arch bricks on edge
-1720 -6355 19 unstepped long baseline 4543 -232 30 firehole, large
-1811 -6018 18 accruing firewall 5173 -2381 12 protruding firehole, brick
-1649 -5532 17 stepped long baseline 6477 2027 9 floor slope 5-12
2771 -4848 25 chimney, diameter medium 6614 1465 10 part into ground, brick
-60 -4833 21 protruding firehole, long 7030 -185 3 brick inclined V-pattem
-1823 -3825 33 stoneware, MON assoc. 7030 -185 8 arch corbelled, plaster
-635 -3649 15 clay slab lining 7848 -1477 38 stoneware, unglazed
142 -3181 31 firehole, standard 8078 232 36 stoneware, glazed
-338 -2859 22 dug into bank Variables (3)
-360 -2670 26 chimney, diameter small -1757 9305 32 stoneware, later
769 -2575 14 part brick construction -3821 7384 6 floor slope >12
-2150 -2574 35 stoneware, grey -5122 7226 1 built in mound
-2150 -2574 37 stoneware, unglazed grey -1744 4049 4 radial arch bricks
-782 -1553 23 modified -4528 3509 24 chimney, diameter large
182 -578 11 part into ground, earth -1620 1816 2 brick inclined coursing
182 -578 13 protruding firehole, slab -4901 1327 27 firewall, high
A
A
A  A  A
A  ‘
□  A
a
□ o
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The PCA dispersion plot shows a rough correspondence between the typological 
developments described by the scores o f the first component, and the stratigraphic 
relationship of the twelve kilns in the KN42 sequence. The correlation also 
supports a general developmental model of kiln technology at the site. However, the 
relationship between the chronology of production at Sawankhalok and the
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typology of the kilns is problematic. The position of Phitsanalok kiln 1 (PK1), an 
outlying surface kiln on the second principal component beyond the apex of the 
main curve of kilns (off scale), is determined by an unusual combination of 
features. These include the association of glazed and unglazed stonewares with a 
brick surface kiln with brick courses layed in a distinctive design. The outlying 
position of the Sawankhalok surface kiln 124 is less easily understood as the result 
of a separate technological tradition. Its position appears to relate to a 
chronological distinction. The outlying position of KN124 and PK1 along the 
second principal component indicates that any presumed relationship between the 
first component and a time axis should be treated with caution. Fitting the 
palaeomagnetic sequence for the Sawankhalok kilns to the PCA dispersion plot 
further clarifies the pattern of technological development at this site (Figure 3.6). 
The KN42 stratigraphic sequence, as well as the palaeomagnetic sequences for 
each century indicate that typological development can not be equated with 
chronological development. Both possible date ranges are shown for the Pa Yang 
kilns. A fifteenth century dating of the Pa Yang kilns suggests the 15th century 
sequence cover the range of above ground kiln types. A sixteenth-early seventeenth 
century date suggests development from diverse to specialised kiln types at 
Sawankhalok.
Figure 3.6. Dispersion plot of the first and second principal components of in-ground 
and surface brick kilns from Sawankhalok, central northern Thailand. The KN42 
stratigraphic sequence, as well as the palaeomagnetic sequences for each century, 
indicate that typological development can not be equated with chronological 
development. Note that both possible date ranges (15th and late 16th-17th C ) are 
shown for the Pa Yang (PY) kilns.
A Above g round  kilns
D In  g round kilns
-------  KN42 stratigraphy
—•*— llth/12thC .
------- 13th C.
------- 14th C.
15th C.
------- 16th/17th C.
52
After a decade of detailed archaeological research at Sawankhalok dating of the 
ceramics of this site is still heavily reliant on external contexts. Many of these 
contexts, as at the excavated burial sites in the Philippines, remain problematic 
(Robb 1930, Fox 1959; cf., Brown 1988). Few absolute dates are available for 
these sites, with only a small selection of the total output of a production centre is 
represented. The situation is compounded by the tendency to circular dating with 
the ceramic sequence of one region used as a bench mark for that of another. The 
chronological sequence for the vast majority of trade ceramics from China,
Vietnam and Thailand is equally problematic and yet to be resolved in any detail.
As Brown notes:
This inability to establish a chronology for the fifteenth and sixteenth centuries has been
the one frustrating aspect of the Sawankhalok excavations. This same problem applies to
Vietnamese and Chinese trade wares of the same period. (1988: 9)
The most useful group of sites for tradeware chronology are the excavated 
shipwrecks in the South China Sea and the Gulf of Thailand. Wreck sites have 
helped to resolve issues of contempoieneity between Sukhothai and Sawankhalok 
and have provided firm sampling contexts to develop a carbon 14 date series, of 
which the most reliable are ship timbers, and jar contents. This chronological 
framework has been consolidated by the identification of reign marks on Ming 
period porcelain at a number of sites. Seven wreck sites have been investigated and 
dated. The 14C dates of ship timbers provide a terminus post quern for the cargo;
14C dates of jar contents provide a more probable date for the cargo itself; and 
reign marks can provide both a terminus post quern and the approximate time 
period of a cargo (eg. the combination of wares with a Jia Jing reign mark 
(terminus post quern), and Wan Li style ceramics of the successive reign) (Figure 
3.7). Of the dated wrecks three are critical for the chronology of the fine decorated 
wares from Sawankhalok and Sukhothai. Koh Khram, the earliest of these wrecks 
with a ship timber sample of calibrated 14C range AD. 1400-1440, included both 
Sukhothai underpainted and Sawankhalok celadon wares (Brown 1975; Green and 
Harper 1987). The second is the Ko Kradat wreck, dated by a Chinese bowl 
fragment with a Jia Jing reign mark (AD. 1522-66), but which also had Chinese 
wares attributed to the Wan Li period (AD. 1573-1619). This wreck included 
underpainted Sawankhalok jars and boxes with lids fused at the rim by glaze 
(Green 1990). The third site is the heavily disturbed Pattaya wreck. While a ship 
timber sample gave a 14C dated of AD. 1260-1310, Ming blue and white porcelains 
of the Wan Li period were recovered from the site along with a range of 
Sawankhalok celadon bowls with cross hatched incised decoration (Green and 
Harper 1987; Howitz 1977). Comparison of these dated wreck sites with the 14C
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and thermoluminescence dates for the Sawankhalok kilns allows a chronological 
association between kiln types and the wares produced at different periods (Figure
3.8).
Figure 3 .7 .14C dates for Southeast Asian shipwrecks. Grey bars represent range at 
two Sigma (95%) confidence, white bars represent range at one sigma (68%) 
confidence. Reigns for associated Chinese ceramics with reign marks are blue solid 
for Jia Jing and dashed for Wan Li (Green and Harper 1987).
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Figure 3..8. Comparison of the chronological ranges for Southeast Asian shipwrecks 
with the TL and 14C calibrated ranges for Sawankhalok in-ground and above 
ground kilns (14C calibrated ranges shown at 95% confidence).
In ground kilns Brick kikis Shipwrecks
While KN110 is the earliest of the in-ground kilns (if the C14 date from the ground 
surface for this kiln is used and not the later early fourteenth century AD. sample 
from above the firehole), the 14C dates for the remainder indicate production
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around a mean date in the third quarter of the fourteenth century AD. TL dates for 
the Nong O in-ground kilns indicate that they are contemporary or later (64% 
confidence) than the surface kiln 124 with a 14C corrected date of 1370 ± 100 
(95% confidence). But comparison of the TL dates for the Nong O in-ground kilns 
with the palaeomagnetic data suggests that they are too young; the palaeomagnetic 
position of both 118 and 120 places them unequivocally earlier in the 11th century. 
Second , the 14th century date for the Phitsanulok kiln, PK1, and the close position 
on the first principal component of several other surface kilns to the in-ground kilns 
suggests contemporeneity between in-ground and surface kilns. The dates for the 
above ground kilns 116 and 109 are earlier than that of the in-ground kiln 61.
Third, the increased standardisation of the later kilns appears to reflect 
chronological as well as typological proximity. The position of KN111 in the string 
of surface kilns clustering towards the top of the dispersion plot places it with the 
Pa Yang Kilns, and suggests that these are among the latest of the surface kilns 
studied both in type and date. By contrast the PCA shows that KN54 is in fact less 
advanced typologically which accords with the older dating for this kiln. The 
typologically earlier cluster to which KN54 belongs includes Sukhothai kilns UK 1 
and 2, dated to the fifteenth century AD.
Elemental analysis: glazed wares from Sawankhalok and Sukhothai
Part of the Thai Ceramics Archaeology Project (TCAP) investigation of tradeware 
production at Sawankhalok included chemical analysis of a wide range of samples, 
carried out by the Australian Mineral Development Laboratories (AMDEL). This 
elemental study represented the largest elemental analysis of Southeast Asian 
ceramics undertaken using Inductively Coupled Plasma Spectrometry (ICP). The 
TCAP program of chemical characterisation of ceramics concentrated on wares 
from Sawankhalok. The analysis was intended to
characterise the nature of various wares and thus help trace the technological and 
production changes which have occurred in this industry over a period of several 
centuries (Day 1985: 286)
At the same time as the program of elemental analyses, initiated to establish a 
technological typology based on compositional grounds, a field typology was being 
developed for the large quantities of ceramics produced by the program of kiln 
excavations at the site. The results of the excavations indicated that initial 
stoneware production was earlier than previously believed (Brown 1988) and the 
terminology of the field typology reflected this finding. The stonewares display a 
wide range of forms, fabrics, surface finishes and decorative treatments, and the 
nomenclature developed for the ceramic typology reflects two general phases 
thought to be represented in the in-ground and above ground kilns at the site. "Most
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Original Node" wares (Mon) are found from the lowest stratigraphic levels of the 
in-ground kiln KN110 in the KN42 excavation and represent the earliest glazed 
stonewares produced at Sawankhalok. They are characterised by a "grey fabric that 
is hard but porous and contains numerous small white and black inclusions". The 
range of forms is dominated by plain bowls, but globular jars, pedestal bowls, 
unglazed jars, mortars and figurines are also common. Most of the bowls are 
finished with an interior white slip and glaze, while the outside is unglazed; some, 
however, are slipped and glazed inside and out. Glazes are typically olive green but 
dark brown and black glazes occur, especially on jars. They frequently have 
sgraffito decoration. A second group of wares, termed "Mon Associated 
Stonewares" (MAS), because the fomis and potting methods are similar to Mon 
stonewares, and MAS wares are frequently found fused to Mon wares. But MAS 
wares are distinct in fabric and finish with a "hard, dense, near-white fabric" with a 
light green glaze. Some are decorated with underglaze black-painted designs. The 
above ground kilns were thought to represent a second later phase of production at 
Sawankhalok, and a group of wares are termed "Later Stonewares" (LS), to reflect 
a proposed association of these wares with surface kilns. LS wares include 
tradeware types of the 14th-16th century AD. They are characterised by a "hard, 
dense, light grey fabric, often with fine white and black inclusions". In this group 
there is a wide range of fomis and glazed finishes. Glaze colours include green, 
white, brown, and black. Underglaze black-painted decoration is common, as is 
incised decoration.
Visual inspection of the LS corpus suggested that only one clay type was used 
(Brown 1988), however, in a preliminary summary of the ICP data "significant 
compositional differences" were proposed that divided the LS group into Ko Noi 
"Thai" and "brown glazed" wares and "Pa Yang" wares indicating nucleated 
production within the complex (Day 1985: 288). But the inconsistencies between 
the field and laboratory typologies suggest that different principles have been used 
in constructing them. More specifically, the preliminary stage at which the types 
were proposed indicates that they are based on intuitive criteria, an approach that 
tends to produce devisive typologies (Whallon 1972). This difficulty can be 
overcome by using agglomerative principles such as technology or composition, to 
establish typological units (Barnes 1986). In the absence of a concordance between 
the spatial as well as typological distinctions of the field typology and the AMDEL 
compositional divisions, a re-evaluation of the AMDEL dataset provides a 
preliminary entry into the problem of the construction of the Sawankhalok ceramic
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typology. In the following discussion the AMDEL reports, yet to be published, are 
used for a multivariate re-assessment of the ICP data (Grave, et al. 1994).
The AMDEL analytic protocol
The AMDEL analysis used inductively coupled plasma atomic emission 
spectrometry (ICP). This technique is comparable to INAA in terms of precision, 
accuracy and sensitivity (Porat, et al. 1991). But the reports only give results in 
percentages of 10 elemental oxides (Si02, T i02, A120 3, Fe20 3, MnO, MgO, CaO, 
Na20 , K20 , P20 5) and a percentage loss on ignition (LOI). The LOI value was 
determined from the weights before and after fusing a subsample (O.lg) with 
lithium metaborate at 1100°C as part of the sample preparation for ICP. The 
reports did not include data on standards employed or errors needed to determine 
the overall reliability of the analysis.
For this re-assessment samples were excluded from the dataset if they could not be 
accurately identified from the description provided in the AMDEL reports, or if 
they had unusually high loss on ignition (LOI) values and were thus atypical. The 
majority of samples had LOI values between 0.001 and 1.5 percent; 67 samples 
had LOI values greater than 1.5 percent.
The dataset is composed of samples from surface collections and excavations of 
Sawankhalok production sites in the region of Ban Ko Noi, Wat Don Lan to the 
west of Ban Ko Noi, Ban Nong O to the north and Ban Pa Yang to the south 
(Figure 3.). The largest single group of samples come from the excavation of a 
complex of 12 superimposed kilns at the KN42 site the best representation of 
developments in production technology at Sawankhalok by virtue of the longevity 
of the kiln sequence. The KN42 ceramics were collected as part of the systematic 
excavation of this sequence and represent a large corpus of firmly provenanced and 
well documented material from Sawankhalok. Twenty seven analyses of glazed 
wares from surface collections at Sukhothai are also included as a control on 
intersite variability.
The PCA of the dataset (794 samples with 11 variables) accounts for 63% of the 
variation in the first three components. Table 1 gives the contribution of the 
variables to each component. Component 1 (32% of the variance) incorporates high 
values of Fe20 3, MgO and T i02 at the negative end, and high values of Na20  and 
K90 3 at the positive end. Component 2 (16% of the variance) incorporates high 
values of A1?0 3 at the positive end, and high values of S i02 at the negative end.
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Figure 2 is a dispersion plot of the samples over the first two components showing 
the relationship of variables and samples to the components. The data contains two 
discrete groups separated along the first component (labelled A, on the negative 
side of the first principal component, and B on the positive side). Group A, with 
higher Fe20 3, MgO and T i02, is composed of Mon samples, and Group B is 
comprised of MAS and LS samples with higher Na20  and K20.
Distribution of the groups along the second principal component is controlled by 
higher values in A120 3 on the positive side, and higher values in S i02 on the 
negative. The MnO/Si02-rich 'tail' of Group A mainly comprises samples from the 
Wat Don Lan and Ban Nong O datasets. These areas have only yielded in-ground 
kilns so far, and appear to belong to a distinctive technological tradition at 
Sawankhalok. The remaining samples from the two areas all fall within Group A. 
Seventeen of the KN42 samples also occur in the M n0/Si02 rich tail of Group A; 
they comprise unglazed, incised stonewares or Mon wares from early contexts. The 
spatially restricted nature of the samples in this area of Group A and their potential 
chronological significance justify their treatment as a third group (C). The 
Sukhothai samples (Group D) comprise glazed and unglazed stonewares and 
celadon glazed wares. The range and composition of the Sukhothai stonewares 
correspond approximately to the Group C compositions from Sawankhalok. The 
Sukhothai samples, with lower Fe20 3 and T i02 and higher S i02, are identified as 
Group (D).
A number of outliers are shown in Figure 3.9. The outlier with a high negative 
score on the first component beyond Groups A and C (AMDEL No.22686), is an 
unglazed stoneware support from KN118 in the region of Ban Nong O. This 
sample was reported to have unusual large white and black inclusions thought to be 
grog from grey bodied ware. PCA shows that the composition of the sample is 
distinct with high Fe20 3, and MnO. The unusual inclusions noted for the sample, 
evidently rich in magnesium and iron are likely to have contributed to the 
composition of this outlier. The outlier on the positive side of Group B (AMDEL 
No.3585w), is a Chinese Celadon import, indicating that Group B is closer to 
Chinese kaolinitic stonewares than to the local Mon wares.
The average compositions of clays from the region of Sawankhalok provide 
evidence for the likely sources of the clays used for the wares. AMDEL analyses 
include samples taken from Khao Si Lan, the closest local outcrop of kaolinitic 
primary clay three kilometres to the south-east of the ancient town, and deposits of
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secondary clay along the Yom river. The compositions for the two clay types show 
that the secondary river bed clay samples are characterised by higher S i02, Fe20 3, 
MnO, CaO, P20 5 and lower A120 3 and K20  relative to the primary Khao Si Lan 
clays. They have similar percentages of T i02 and Na20  . The difference in the 
mean compositions of the ceramic groups A and B approximates that between the 
two clay types. Group A and the associated Group C appear to have been derived 
from secondary clays with group B derived from primary clay sources.
Partition conflicts: elemental and visual typologies
The principal component analysis of the AMDEL dataset for the Sawankhalok 
stonewares indicates that even with this low dimensional dataset there appears to be 
structure related to ware types. The separation of the Sawankhalok dataset into two 
discrete groups (A and B) correlates with an overall typological distinction between 
MON and Later Stoneware fabrics. The MON associated fabrics are typologically 
distinct from both the MON and Later Stonewares. Chemically, they cannot be 
distinguished from the Later Stoneware group (B). However, a relatively minor but 
apparently systematic separation is evident within Group B and indicated by the 
question mark (Figure 3.9). The significance of this partition is obscured by the 
inadequacy of the sample descriptions included in the AMDEL technical reports.
Of 353 Group B samples 280 (or about 80%) are simply classed as bowls, less 
than half are identified as either underpainted or incised and less than thirty percent 
are given a short additional attribution (typically Mon, Mon associated or Later 
stoneware). Group B samples are shown with an overlay of the wares that have a 
typological attribution (Figure 3.10). It is evident that the partition cannot be used 
to distinguish between Mon associated or Later stonewares. Only wares designated 
as "Mon" form a discrete part of Group Bii. But the occurrence of "Mon" wares in 
Group B conflicts with one of the defining characteristics of Mon wares as 
composed of secondary rather than primary clay. The range of jars and Mon wares 
of Group A and C are comparable to analyses of secondary river clays from the 
area. This lack of fit between one of the major typological classes of Sawankhalok 
wares and the ICP elemental characterisation cannot be resolved from the AMDEL 
documentation.
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Figure 3.9. Dispersion plot of component 1 and 2 for the ICP elemental analysis of 
Sawankhalok and Sukhothai wares showing object scores (upper) and variable
loadings (lower).
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Figure 3.10. Dispersion plot of component 1 and 2 for the ICP elemental analysis of 
Sawankhalok Group B with the partitioned subgroups labelled (Bi, Bii) with all 
available typological attributions overlayed.
Table 3.6. Average composition of the partitioned whitewares compared to the 
generalised compositional ranges proposed for three types of Sawankhalok 
whiteware by Day (1985)
Bi
Avg. Std
Bii
Avg. Std
SiO^ 74.75 1.19 72.21 1.43
TiO* 0.62 0.14 0.49 0.08
A1,0^ 17.51 0.82 18.94 0.77
Fe^O^ 1.63 0.33 2.11 0.77
MnO 0.01 0.01 0.01 0.01
MgO 0.4 0.15 0.45 0.15
CaO 0.27 0.22 0.63 0.34
N a ,0 0.92 0.39 1.5 0.29
K ,0 2.9 0.59 2.58 0.42
P-,05 0.05 0.05 0.05 0.03
LOI 0.76 0.37 0.61 0.41
Source: Day 1985: 288
Ko Noi 
"T hai”
Avg.
"Brown
glazed"
Std Avg. Std
Pa Yang
Avg. Std
73 4.24 74.5 2.12 71.5 4.95
18 2.83 18 1.41 20 4.24
1.5 0.71 1.9 0.57 2 1.41
0.35 0.49 0.25 0.35 0.25 0.35
1.1 1.13 0.45 0.21 0.375 0.11
2.7 1.27 3.25 0.35 2.7 0.14
- - - - - -
61
Note that the choice of elements for characterisation of the three types is partial and 
that in the case of Ca misses a element that is meaningful in the PCA results for 
discrimination between the Bi-Bii compositions. For the Ko Noi "Thai" and Pa 
Yang types the distinction proposed is between wares found in the vicinity of Ban 
Ko Noi around 5 kilometres north of the ancient walled town and Ban Pa Yang, 
less than 1 kilometre beyond the northern gate of the town. The PCA analysis has 
shown that such distinctions are relevant at least between the coarse ware jars of 
the Nong O kilns at the northern end of the site and jars from the more southerly 
kilns at Ko Noi. But the standard deviation derived from the proposed range of the 
Ko Noi "Thai" and Pa Yang white wares is based on a fraction of the final number 
of analysed samples. The average and standard deviation for Bi and Bii groups are 
based on AMDEL reports from 1984 to 1990; those of the generalised 
compositional groups are based on AMDEL analyses only up to 1985 (Table 3.6 
source: Day 1985: 288). Rather than reflecting the smaller deviation expected from 
a sub sample presumed to belong to the same population, the standard deviation for 
each of the proposed typological groups is up to four times larger than either of the 
B group ranges and would effectively mask any proposed distinctions. The general 
correspondence between the high S i02 group Bi and Ko Noi "Thai and "brown 
glazed" wares, and the low S i02 Group Bii with Pa Yang wares, does not extend to 
the other elements. Thus while some correspondence is evident between the kiln 
typology and the range of wares produced at Sawankhalok finer distinctions using 
the AMDEL dataset are not possible.
Discussion of the Sawankhalok data
The PCA of the kiln data combined with the stratigraphic KN42 sequence suggests 
that the typological distinction between in-ground and surface kilns may be 
evolutionary. But when combined with the palaeomagnetic dates the typological 
development is evidently a change from diverse to specialised production at the site. 
Three typological groups of kilns are evident in the PCA of the kiln data that 
underlines a trend toward more standardised kiln design of greater capacity. The 
first and earliest group are the least uniform in design and show some typological 
similarities between in-ground and above ground kilns. Included in this group is the 
first of the above ground kilns in the KN42 stratigraphic sequence with a 14C date 
of AD. 1250-1320. The second group include the Sukhothai kilns UK7 and UK1, 
and a further eight Sawankhalok above ground kilns. One of these (KN54), has a 
14C date of AD. 1430-1510 and is comparable to a Sukhothai kiln (UK5), with a 
14C date of AD. 1410-1490. The last group of kilns include those from Pa Yang 
and the uppermost kilns of the KN42 sequence. The one TL date for this group is 
1580-1710 AD.
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Of the products of group I kilns Mon bowls were found below KN110 at the 
bottom of the KN42 sequence and therefore dating to around 1000 AD. While no 
firm dated context has been established for the Mon associated wares, these must 
have been introduced at some point between 1000 and 1300 AD with the possibility 
that they spanned production in both in-ground and above ground kilns. Direct 
evidence for the specialised nature of in-ground and surface kilns is provided by the 
excavation in 1987 of Sawankhalok kiln 61, an in-ground kiln that collapsed during 
the firing-cooling cycle with a 14C range in the late 14th-mid 15th century. In the 
excavation only large and medium sized unglazed stoneware storage jars were 
recovered from the chamber preserved when it collapsed during or shortly after 
firing. The association of group II surface kilns at Sawankhalok and Sukhothai 
with glazed and unglazed jars with glazed tradeware suggests less specialised 
production in the fifteenth century than in the following period characterised by the 
highly specialised large capacity group III kilns. The shipwreck data indicates that 
production ended some time in the late 16th century-early 17th century AD. 
However, the AMDEL descriptions are not sufficiently detailed to detemiine 
whether or not there is a corresponding change in the composition of whitewares.
An expectation of the change from diverse to specialised production would be that 
there is a corollary in the wares produced. The assessment of the ICP dataset 
suggests that the wares produced from primary clay, can be partitioned into two 
groups (Bi and Bii). Sawankhalok wares recovered from shipwrecks also form 
distinct typological groups that appear to relate to earlier fifteenth century and later 
sixteenth-early seventeenth stages of production at this site. However, little 
correspondence is evident in a comparison of the types identified in the AMDEL 
reports as "transitional" and "later" stonewares, or between the average 
composition and range for the two compositionally defined groups with ranges 
proposed early in the AMDEL project for Ko Noi "Thai", brown glazed, and Pa 
Yang wares. The absence of a well-defined typology for this site appears to have 
resulted in misidentification or misapplication of the typological parameters as 
outlined above. The intuitive, and devisive, classification system developed for the 
Sawankhalok ceramic corpus reflects a proposed early, transitional and late 
phasing scheme for production at this site. The lack of fit between the whiteware 
transitional and later stoneware, or the Ko Noi and Pa Yang types, and the 
elemental data suggests that the typology was based on a priori assumptions 
regarding the identity of samples, and the minimal sample descriptions provided
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with the AMDEL reports have prohibited a check of attributions against elemental 
results. The inconsistencies inherent in the TCAP field and elemental classification 
system, and the descriptions provided with the AMDEL technical reports, serve to 
underline some of the objectives of a more rigorous analytic protocol.
Conclusions
The need to develop the socio-political context of stoneware production in 
Southeast Asia is underlined by the contentions surrounding its economic and 
political significance. The debate surrounding the extent of Khmer economic or 
political influence in the development of specialised stoneware production in the far 
western and northern regions of Inland Southeast Asia (Brown 1988; Shaw 1989b), 
and the end of production at Sawankhalok reveals considerable interpretative 
incoherence. The operation of an Asian World-System in the pre-modem period 
provides an interpretative framework that avoids some of the scale problems 
outlined in Chapter 2. Southeast Asian demand for Chinese tradewares as prestige 
goods in the second millennium AD was fuelled by the output of large production 
complexes in southern China. These centres provided a good that represented a low 
value, bulk good, ideal for outward bound cargo as ships' ballast (Bronson 1990). 
But on the periphery ceramics produced in core areas performed a valuable role in 
exploiting regional economic and social imbalances as items of prestige. Local 
emulation in the periphery of imported stonewares is a predicated development in 
the World System model, with local ethnic and political networks conditioning the 
technology employed.
More specific methodological concerns have been addressed in the summary and 
reassessment of the scientific data available for the chronology and development of 
specialised production in mainland Southeast Asia. Reanalysis of data from 
Sawankhalok, the most intensively studied site in central northern Thailand, 
indicated that the kiln technology of this site conformed to a trajectory of increasing 
specialisation, that is consistent with greater competition and predicted by the 
World System model. An acceleration in the rate of change of this trajectory can 
be correlated with the period in the later sixteenth century AD when large flows of 
money were introduced into the regional economy. However, previous chemical 
analyses of Sawankhalok ceramics could not be used to check or confirm the 
reconstructed production trajectory for this site due to inconsistencies in the 
protocols employed. In the following chapter the issue of an appropriate protocol is 
addressed for the elemental analysis of East Asian ceramics.
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Chapter 4
Elemental analysis of ceramics and protocols
This chapter introduces the parameters, constraints and techniques for the elemental analysis 
of ceramics as a context for the analysis used in the study. A major stimulus for scientific 
analysis of archaeological materials has been the study of systems of trade and exchange and 
the question of the origins or provenance of artefacts. In response to the accelerating 
application of scientific analysis in archaeology a protocol has emerged as a guide for the 
sensitivity, precision and accuracy of measurement, and for analytic reliability through the use 
of standard reference materials (Harbottle 1982). Analytic reliability refers to the accuracy 
and robustness of the results determined by the extent to which results of a subsample can be 
considered representative as well as withstand inter-laboratory and inter-technique 
comparisons (e.g., Jones 1986: 38-46; Yellin et al., 1978).
While a high accuracy protocol for analysis of archaeological materials has broad appeal as 
good scientific procedure, the choice of technique and analytic parameters can vary with the 
type of material studied. In addition to constraints imposed by the type of artefact, the 
usefulness of techniques available for characterisation studies is dependent on the number 
elements that can be measured, and on the detection limits of each technique (Rice 1987: 371- 
404). For ceramic characterisation at least twelve elements with ±5% or smaller analytical 
error have been proposed as a minimum (Harbottle 1991; Harbottle and Bishop 1992: 27). 
Ultimately, however, the choice of analytic procedure and scope of a given research program 
of elemental ceramic characterisation involves pragmatic choices based on the availability of 
facilities and funding (Orton, et al. 1993).
Previous elemental studies of archaeological ceramics have used a range of multi-elemental 
techniques. These include Instrumental Neutron Activation Analysis (INAA), Inductively 
Coupled Plasma Spectrometry (ICP), X-ray Fluorescence (XRF), Atomic Absorption 
Spectrometry (AAS), Optical Emission Spectrometry (OES), and the Electron Microprobe 
(EMP). For the present work, the Proton Induced X-ray and Gamma-ray Emission 
Spectrometry (PIXE-PIGME) technique was available and has been shown to be suitably 
reliable and accurate for pottery studies.
INAA is a bulk analysis technique (depending on nuclear properties - thermal neutron capture 
cross section, isotopic abundance, decay mode and half-life) and requiring samples of a 
significant fraction of a gram. INAA has high sensitivity for many isotopes - especially if y-
ray spectra are measured at a number of times after completion of a irradiation in a thermal 
neutron flux in order to observe both short-lived and long-lived activities. This may involve a 
lengthy sequence of measurements to obtain results for many elements. The suite of elements 
measures in geochemical studies with sensitivities of the order of 10 ppm or less may include 
Na, Sc, Cr, V, Mn, Co, Se, As, Br, Rb, Mo, Ag, Cd, Sb, Cs, Ta, W, Ir, Au, Th, U, and rare 
earth elements.
XRF generally requires a sample of 1 cm or more in diameter but analysis is only of some 
microns thick - being dependant on self absorption of fluorescent X-rays as they emerge from 
the sample. The degree of averaging over the sample non-uniformities therefore varies from 
element to element. Absorption is greatest for low energy X-rays and hence light elements 
(Z<20) (Z= atomic number) are only determined within a surface layer of the order of a few 
microns thick. Elements with Z < 10 to 12 are very difficult to determine by XRF. Heavier 
elements are detected from depths of some 10's of microns and, with a broad incident beam 
quite good averaging is achieved. K X-rays are usually used and about 20 elements may be 
determined (Z from 14 to 40) possibly plus some heavier elements using L X-rays. The 
sensitivity limit may be of the order of 1 to 10 ppm but is sample dependent since multiple X- 
ray peaks are observed from each element and a high concentration of one element may 
obscure a trace concentration of a higher Z element.
The electron microprobe is used for elemental analysis with either an energy dispersive 
detector or wavelength dispersive system. The finely focussed electron beam can be scanned 
over some tens of microns to give either an elemental map across such an area or an averaged 
analysis from a surface layer of the order of one micron thick. However, the total volume 
analysed, and hence the degree of averaging of non-uniformities, is rather limited. Energy 
dispersive detectors are similar to those used for XRF and determine a similar range of 
elements. A wavelength dispersive detector measures one X-ray energy and hence one 
element at a time so that multi-element analysis requires a lengthy sequence of measurements.
AAS and OES involve extraction of a small amount of material ( up to 1 g) and conversion to 
a suitable form for excitation by flame, or discharge with optical emission being measured, 
one element at a time, with a suitable spectrometer. Good sensitivity is available for most 
elements. The averaging of non-uniformities can be achieved by initial conversion of a 
suitable amount of sample even though only a small part is actually used.
ICPMS, used in the AMDEL analytic program outlined in the preceding Chapter, has similar 
characteristics to AAS and OES but with a range of elements being determined with a mass
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scan of ions produced in a plasma discharge. For a comparison of XRF, OES, NAA and AAS 
(Jones 1986: 43-47), for comparison of ICP and OAS (Hatcher et. el., 1995).
PIXE-PIGME measurements involve irradiation of a sample by a proton beam (e.g., at 2.5 
million electron volts giving a penetration of some 10s of microns) and detection of both X- 
rays and y-rays which arise from a proton excitation of sample atoms. The X-ray results give 
information on a similar range of elements to those observed with XRF. The addition of y-ray 
detection makes possible the determination of light elements such as Li, F, Na, and A1 which 
are not normally detected in XRF. The sensitivity of PIGME varies from element to element 
but is 20 ppm or less for the elements used in this work. The performance of PIXE-PIGME in 
averaging over sample non-uniformities is very similar to that of XRF but it is also good for 
light elements since y-rays are not significantly absorbed within the irradiated layer.
With the exception of PIXE-PIGME analysis and INAA the techniques summarised above 
have been employed in previous studies of East and Southeast Asian ceramics, but the power 
of these techniques to resolve chemical differences has only been partly utilised. Typically 
only a small number of the elements measurable with these techniques have been published 
without the trace element and rare earth determinations used for other archaeological 
ceramics. In the following section I discuss some of the factors that have contributed to the 
"East Asian Protocol" and its inherent limitations.
Previous elemental analysis of East and Southeast Asian ceramics
Previous work on the elemental characterisation of East and Southeast Asian ceramics has 
developed along different lines to those for other archaeological ceramics. The abundant 
archaeological evidence for specialised production and ceramic technology in East Asia and 
the extensive typological literature available for their products reduces or obviates the need 
for scientific analysis to establish the provenance of wares. Large scale ceramic production 
complexes for the mass production of technologically-advanced decorated stonewares and 
porcelains is well attested in the remains of kiln sites and waster heaps throughout the region 
(e.g.. Brown 1988; Fung Ping Shan Museum 1981; Guangyi 1985; Ho 1990; Ho 1992; 
Hughes-Stanton and Kerr 1980; Kerr 1986; Shaoxing 1985; Yunquan 1985). Elemental 
analyses of East Asian wares have tended to concentrate on the characterisation of 
technological innovation and the manipulation of ceramic raw materials (e.g., Li 1986; Yanyi 
1987; Zhang 1985). The commercial value of Chinese wares in the international antiquarian 
and collectors markets has also given rise to a commercial application for non-destructive 
techniques for authentication (Yap and Tang 1984; Yap 1989; Yap and Hua 1992; c.f., 
Fleming 1978). Together these two features of elemental analysis of Asian ceramics have 
contributed to the development of an analytic protocol that favours the identification of 
elements of technological significance using techniques principally chosen for their economy.
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As a result although elemental characterisation of East Asian ceramics has employed a range 
of techniques that include XRF, AAS, OES and EMP the published results tend to be low 
dimensional (typically twelve elements or less routinely reported), and do not employ 
procedures to facilitate inter-laboratory and inter-technique comparisons (e.g., Mazo-Gray 
and Alverez 1992; Miksic and Yap 1989, 1992).
The distinctive character of the "East Asian Protocol" can in part be accounted for by 
pragmatic choices related to scarcity of facilities and funding. But the protocol is evident 
across the range of techniques used for the instrumental analysis of East and Southeast Asian 
archaeological ceramics (e.g., Pollard and Hall 1986; Pollard and Hatcher 1986; Pollard and 
Hatcher 1994; Steele 1992; Wegars 1993; Koh Choo 1995). This protocol restricts the 
methodological and theoretical value of the results from analysis of East Asian ceramics, even 
where explicit objectives suggest the desirability of high precision techniques as in proposed 
changes through time of glaze and paint compositions (e.g., Stenger 1992). For the AMDEL 
ICP data the underlying assumptions about the dataset were compounded by inconsistent 
typology. Further it was shown that an appropriate method to interpret this multi dimensional 
dataset gave better resolution of the data structure. In the following section the role of 
Principal Component Analysis in multivariate analysis (PCA) and its interpretation is 
discussed.
Interpretation of multivariate analysis
A coherent and universally relevant framework for the methodological and theoretical 
concerns of the analysis of archaeological ceramics is facilitated by elemental characterisation 
when used to resolve questions of origin or geochemical group membership (Pollard 1986). 
But the technological implications of chemical analyses has received less systematic attention, 
in spite of the number of archaeological projects concerned with the assessment and 
interpretation of technological change. The task of interpreting the large dimensional datasets 
typical of ceramic analytic studies is greatly simplified by recent developments in 
computerised data-reduction techniques (Knapp and Cherry 1990; Vitali and Franklin 1986). 
Chemical characterisation of pottery is a descriptive exercise involving a large number of 
elements or dimensions. In addition, the initial exploratory stage of formulating meaningful 
archaeological groups from elemental data usually requires the preparation and analysis of 
large numbers of samples (e.g. Knapp and Cherry 1994). Principal Components Analysis 
(PCA) of compositional data is generally accepted as the most appropriate means of 
observing the interrelationships and structural complexity inherent in such multi-dimensional 
data sets (e.g., Neff 1994; Wright 1992).
A strength of PCA is that it requires no a priori assumptions about groupings within the 
dataset and usually describes significant structure, where present, over the first few
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components. Each successive component accounts for co-variation not otherwise described. 
For compositional data this feature helps unravel elemental behaviour where each component 
may account for a particular aspect of co-variation. Even where variations between clay 
sources can parallel variations in technological practices to confound the significance of 
chemical distinctions for ceramics, a particular source of variation can introduce a systematic 
elemental signature (Bishop 1980; Bishop, et al. 1982). Thus a specific source of variation 
can be wholly described by a single principal component irrespective of the magnitude at 
which it occurs. Since it is an orthogonal technique, the results of PCA are ideally suited to 
graphic expression in XY dispersion plots, a particularly effective visual method for 
interpretation of results (Tufte 1983). PCA is a relatively elegant, economical, and graphic 
method for describing the salient features of a multi-dimensional data set. In this study I use a 
standard correlation PCA as the most appropriate treatment for the compositional data 
(Tangri and Wright 1993). Following partitioning of the data through PCA a discriminant 
measure of within group and between group similarity can be established with Canonical 
Variate Analysis (CVA) a multivariate technique for structuring datasets where group 
membership is pre-assigned (e.g., Wenban-Smith 1989; Owen and Chmielewski 1985).
Multi dimensional interpretation and the East Asian Protocol
The potential for overlooking structure of archaeological interest by not examining all PCA 
results necessitates a degree of caution before rejecting subsequent components as being of 
little significance (Bishop 1980; Bishop and Neff 1989). In the following example, a PCA 
interpretation by Yap and Hua (1992) of northern Chinese Xing wares of the Tang period 
(HN and YN), and raw materials from the region (HBX) was based on a seven element table 
compiled from several published XRF data lists. In a dispersion plot of the first two 
components, two fabrics (YN8 and 9) were identified as a combination of distinct clay types 
(HBX1 and 2). This result is of considerable interest as it suggests a high degree of 
specialisation in creating wares synthesised from two clay sources. The authors assumed a 
linear fit between the clays on the first two components with the proposed synthetics at an 
intermediate position on the line, and disregarded succeeding components. If the samples 
were a combination of the two clays then the intermediate relationship between the two would 
be expected to be retained on subsequent components. When I carried out a PCA reanalysis of 
the same data, a dispersion plot of the object scores on the first two components approximates 
that reported by the authors, and supports their conclusions regarding the intermediate 
position of YN8 and 9 between two clay sources (Figure 4.1). However, on the third 
component the proposed synthetic fabrics are shown to be outliers with two other samples 
(YN6 and 7), occupying the position intermediate between the two clays (Figure 4.2). For 
basic technological distinctions employing major and minor elements the use of high 
sensitivity analytic methods for reconstructing technical behaviour may be considered as
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unnecessarily precise. But I argue that precision makes demands at all levels o f analysis and 
interpretation. In the Yap and Hua example, even within the constraints o f a low dimensional 
dataset, it is evident that proposed relationships between fabrics and raw materials are 
complex and need to be examined carefully in interpretation o f the PC A results.
Figure 4.1. Dispersion plot of the first and second principal components (54 % overall 
variance) showing the relative distribution of object scores for Xing wares. Yap and Hua 
propose that the intermediate position of the YN ceramics between the clays HBX4 and 2 
indicates they are synthesised from these two clay sources. Note the position of YN6 and 7 with
the main group of Xing wares.
D Xing white clays ♦ Xing white wares
Figure 4.2. Dispersion plot of the second and third principal components (44 % overall 
variance) showing the relative distribution of object scores for Xing wares and clays. On the 
third component the intermediate YN samples are now 6&7. The structure described by the 
subsequent component indicates that the relationships between ceramics and clays are more
complex than proposed by Yap and Hua.
D Xing white clays ♦ Xing white wares
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A high accuracy and precision analytic protocol for Southeast Asian ceramics
The rest of this chapter is concerned with the performance of PIXE-PIGME (an ion beam 
excitation technique - Proton induced X-ray and y-ray emission spectrometry or PIXE- 
PIGME) as established from frequent measurements on a reference standard (Ohio Red Clay). 
For this study the choice of analytic technique was determined by availability, stability (i.e. 
accuracy & precision), and cost (Rice 1987: 373). PIXE-PIGME analysis not only provides 
accuracy and economy but offers several advantages over other instrumental techniques. A 
research facility is available at the Australian Nuclear Science and Technology Organisation, 
Lucas Heights, Sydney and the stability of the PIXE-PIGME instrumentation has been 
established through a long term analytic program on archaeological provenance work of 
obsidian (Bird 1992). The technique has also been applied to archaeological ceramics (e.g., 
Duerden and Watson 1988; Summerhayes 1987; Rye 1982). Funding for sample preparation 
and analysis was through annual awards made by the Australian Institute for Nuclear Science 
and Engineering. PIXE analysis can accurately measure a large number of major, minor and 
trace elements as well as elements that are useful as descriptors of technological features of 
ceramics, or that are problematic for INAA detection (e.g., Silicon (Si) as a measure of 
abundance of quartz inclusions). PIGME analysis can measure light elements not possible 
with techniques such as XRF.
While precision and accuracy varies strongly with each element PIXE-PIGME gives robust 
characterisations of archaeological ceramics comparable in precision and accuracy to INAA 
(Knapp 1987; Knapp, et al. 1988; Knapp, et al. 1987; c.f., Harbottle 1990). PIXE has 
excellent sensitivity (< 10 pg g 1) for a range of elements from Sodium (Na) to Uranium (U). 
PIGME is a nuclear technique suitable for selected light nuclides with sensitivity ~ lpg g 1 
for Lithium (Li), Fluorine (F), and Sodium (Na) and Aluminium (Al) (Bird and Williams 
1989: 523-526). The Lucas Heights ion beam facility is equipped for the simultaneous 
measurement of high energy X-ray and y-ray emissions from the sample. For routine analysis 
a computer- driven, automated stage allows up to sixty samples to be measured in a single 
run, and up to three runs per day (session) with on-line processing of the PIXE-PIGME 
spectra. Thus it is an efficient and economical technique for quantitative analysis of relatively 
large numbers of samples (cf. Rice 1987: 398). For ceramic analysis each run includes a 
standard (Ohio Red Clay) in the first and final position of the sample holder to detemiine 
inter-session comparability as well as providing a basis for standardising and assessing the 
reproducibility of the results.
Data Processing: the Ohio Red Clay standard
PIXE-PIGME analysis at the Lucas Heights Facility has been used for a range of 
archaeological materials, but a routine for standardising and examining reproducibility of
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results from ceramic analyses had not been established prior to this study. In this section I 
discuss the methods employed for a high resolution characterisation for ceramics and the 
correction techniques used for comparison of results over a number of analysis sessions. 
Processing the X-ray spectra to quantify the elements used in-house software (PIXAN) 
developed for quantitative PIXE analysis (Clayton, et al. 1987). The y-ray spectra are 
processed with simple peak fitting routines. As part of the initial setup conditions for PIXAN 
an appropriate correction for self-absorption effects associated with the X-ray analysis of 
alumino-silicates was calculated. This was based on a comparison of raw PIXE results for a 
ceramic standard with known results from other techniques and laboratories. The standard 
(the Ohio Red Clay (ORC) archaeological ceramic standard of Brookhaven National 
Laboratory) has been well characterised by a variety of techniques (e.g.,Yeh 1986; Table 
4.1).
Selection of elements for data analysis
While the PIXE-PIGME technique is capable of resolving a large number of elements, not all 
are equally useful in characterising ceramics. In a PCA of the complete dataset with thirty one 
elements included it was apparent that many of these were not describing meaningful structure 
in the dataset. The most appropriate set of elements for routine analysis was established 
through reiterative PCA of the 1991-1993 data set. Elements that occurred near the 
intersection of the first, second and third components where shown to have little or 
vanishingly small effect on the data structure and were progressively removed. All the 
elements removed by this procedure were trace elements in low concentration in the overall 
sample. This selection process resulted in the choice of seventeen major, minor and trace 
elements that consistently described the greatest overall structure in the dataset and were used 
in all subsequent analyses.
There is a direct relationship between the length of time taken to collect and count the PIXE- 
PIGME spectra (count rate) and statistical goodness of fit (peak integration and background 
subtraction) for each element. An experiment was undertaken where repeated PIXE-PIGME 
analysis of the Ohio Red Clay standard over a single session were analysed at low and high 
count time to determine the relative benefits of higher throughput versus better resolution. The 
time taken to collect a preset number of counts varies with the composition of each sample. 
For the assessment of precision two count times were employed, corresponding to counting 
periods of approximately seven (XI) and fourteen minutes (X2). A Principal Component 
Analysis of the ORC XI and X2 dataset was carried out to identify the effect of the longer 
counting time on elemental concentrations (Figure 4.3). The difference between XI and X2 is 
most evident in a dispersion plot of the first and third principal components where the two sets 
of analyses are separated without overlap. The elements contributing to the systematic shift
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between the shorter or longer counting time can be identified in the corresponding elemental 
dispersion plot of this PCA. The difference between the shorter and longer count time can be 
related to higher concentrations of the trace elements Th, Rb, and Li. An improvement in the 
counts would be expected for Th, but the lack of a systematic improvement for the other low 
count elements (Ga and Rb) indicates that the increased counting time can not be directly 
related to increased sensitivity. Conversely the improvement for Rb and Li, was not expected. 
While these two elements are present in trace amounts they are robust and low variable 
elements for PIXE-PIGME. The systematic improvement in detection sensitivity for Th, Li 
and Rb over the longer count time, can not be accounted for as a simple improvement of the 
detection threshold but in balance the shorter count time was selected for routine analysis. The 
benefits of improving the statistics for three trace elements using a longer count time were 
outweighed by the number of samples that could be analysed in a session using the shorter 
count time.
Figure 4.3. PIXE-PIGME count rates: dispersion plot of the first and third principal 
components to compare the ORC standard at X 1 and X 2 counting time. PCA object scores
upper, elemental scores lower.
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Accuracy
The accuracy of the PIXE-PIGME analysis of the ceramics was checked over the duration of 
the analytic program by repeated analysis of the ORC standard. Twenty-nine analyses from 
six sessions were used to construct a measure of the accuracy of the overall analytic program. 
In Figure 4.4 the standard deviation and elemental average of the 29 ORC analyses is given. 
The results are presented as oxide percentages for the major and minor elements and as oxide 
parts per million for the trace elements to facilitate comparison with the results of other 
laboratories (Table 4.1; Figure 4.4). Note, however, that for the data input into the PCA all 
concentrations were as parts per million of the element. While the overall dataset exceeds the 
minimum number of elements and is within the elemental deviation limits recommended by 
Harbottle I have retained the trace elements Thorium (Th), Gallium (Ga), and Niobium (Nb) 
in the dataset even though these three elements have particularly low concentrations and 
correspondingly poor statistics. The re-iterative Principal Component procedure used to select 
the elements employed in the analysis indicated that Th02, Ga20 3, and Nb205 could usefully 
be included in the analysis and provide structured, albeit less accurate, information. A 
measure of the accuracy of repeat analyses of the ORC standard can be seen in the low 
standard deviation for the remainder of the elements of ~ 5%.
Figure 4.4: Dispersion plot of repeat PIXE-PIGME analyses of the Ohio Red Clay Standard 
giving the Standard Deviation for 17 elements over twenty nine analyses as a measure of the 
accuracy and precision of the technique, using the short 7 minute count time. Elements are 
expressed as oxides with major and minor oxides given in percentages (%) and trace elements
in parts per million (ppm).
Nb205 ( ppm)
Th02 (ppm) 
Ga203 (ppm)
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The PIXE-PIGME results from Lucas Heights were compared with ORC analysis from other 
laboratories (Table 4.1). The dataset was provided by G. Harbottle (pers com) and included 
analyses of the ORC standard by Inductively Coupled Plasma Spectrometry (ICP)(Kings 
College), and Instrumental Neutron Activation (Kuleff; Brissaud et al.). The table also
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includes INAA data from the Missouri University Research Reactor published by Glascock 
(1992). The comparison of the PIXE-PIGME results with these results shows that there is a 
reasonable overall correspondence in the absolute values obtained by the different techniques. 
The higher concentrations of Vanadium (V) and Thorium (Th) in the Lucas Heights PIXE- 
PIGME results indicate that there are some differences with INAA. Note however that the 
comparative table indicates that overall accuracy is poorer than the precision of each 
laboratory. The difference between the PIXE-PIGME and INAA results is of some concern in 
terms of inter-laboratory compatibility, the Standard Deviation of both the PIXE-PIGME and 
INAA results for Vanadium and Thorium are similar. For the purpose of the present study the 
higher values for these two trace elements is of little consequence for interpretation as the 
shift is systematic and therefore affects all analyses. In the following section the results of the 
PCA of the Ohio Red Clay standard will be discussed in terms of internal controls and checks 
over background and systematic error.
Table 4.1: Inter-laboratory comparison of Ohio Red Clay analyses (source for Kings Col, 
Kuleff, Brissaud et al. results: Carman Harbottle (pers comm.), source for MURR: Glascock 
______________________________________1992)______________________________________
L u c a s  H e ig h ts  P IX E - K in g s  C o lle g e K u le f f B r issa u d  et a l. M U R R
P IG M E  (sh o r t co u n t IC P IN A A IN A A IN A A
tim e)
O xide ±Stdev. O xide ±Stdev O xide ±Stdev. O xide ±Std.dev Elem. cone. ±Stdev.
18.2 ± 0 .1 4 18.4 ± 0 .1 3 18.7 ± 0 .4 — A l(% ) 8 .8 9  ± 0 .1 5
F e , O t (% ) 8.81 ± 0 .1 3 8 .37  ± 0 .0 8 7 .6 2  ± 0 .2 4 7 .7 5  ± 0 .2 5 F e(% ) 5 .1 9  ± 0 .0 8
C a O  (% ) 0 .6 4  ± 0 .0 2 0 .6 9  ± 0 .0 2 0 .7 6  ± 0 .1 6 — C a(% ) 0 .3 8  ± 0 .0 4
N a , 0 ( % ) 0 .1 5  ±0 .01 0 .1 9 3  ±0 .01 0 .1 8 4  ± 0 .01 0 .1 9  ± 0 .0 0 5 N a(p p m ) 1290  ± 2 0
K , 0 ( % ) 4 .3 7  ± 0 .0 9 4 .0 3  ± 0 .0 4 4 .5  ± 0 .1 3 4 .5 9  ± 0 .1 5 K (% ) 3.31 ± 0 .0 3
T iO ,  (% ) 1.24 ± 0 .0 3 0 .8 2 9  ± 0 .0 2 1.07 ± 0 .0 5 1 .08  ±0.1 T i(% ) 0 .5 7  ± 0 .0 2
S iO ,  (% ) 65  ± 1 .6 — 66 .1  ± 2 — —
L i , 0  (p p m ) 2 3 9  ± 1 0 291 ±5 — — —
R b ,0 ( p p m ) 261 ± 1 0 231 187 ± 2 5 180  ± 8 R b(p pm ) 176 ±3
S r O (p p m ) 88  ±6 8 7 .2  ± 2 — — —
Z n O (p p m ) 129 ±4 118 ±7 — — —
M n O (p p m ) 3 5 2  ± 1 6 3 2 6 331 ± 1 5 3 2 3  ± 1 9 M n(ppm ) 2 5 2  ±8
V ,O ç(p p m ) 5 5 9  ± 3 0 3 5 9  ±4 3 7 0  ± 2 5 4 5 9  ± 3 5 V (ppm ) 198 ±3
* N b 2 ° s (p p m ) 32  ±9 20 — — —
* T h 0 2(p p m ) 48  ±8 — 18 .89  ± 0 .2 1 8 .73  ± 0 .1 2 T h(p pm ) 14.4 ± 0 .3
* G a 2O j(p p m ) 27  ±3 — — — —
F  (P P m ) 271 ±7 — — — —
* The three trace elements with low concentrations and large standard deviations
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Precision
The analytic program involved six sessions over three years (1991-93) and a major concern 
for the analysis is the comparability of results between sessions (precision). A PCA of the 
ORC standards included in each session provides a measure of variation between sessions. It 
should be stressed at the outset that the between-session variation measured in the ORC 
standards is insignificant against the total variation (i.e., overall structure) of the dataset and 
that the structure of the dataset is not notably improved by correction. However, as a matter 
of rigour the process of identifying and correcting any inter-session drift was undertaken and 
is useful to illustrate the principal analytic and interpretative techniques involved in this study. 
Table 4.2 gives the percentage of the total variability accounted for by each principal 
component of this analysis of the ORC data. The PCA provides a powerful multi-dimensional 
technique to identify systematic variation between sessions. The table of the eigenvalues for 
the PCA show how much of the overall variation in the ORC dataset is accounted for by each 
component. The cumulative % of the first four components given at the bottom of the table 
shows that they account for almost 75% of the overall variation in the dataset. In other words 
38% of the variation in the ORC data is accounted for on the first component, 15% on the 
second component, and so on.
Table 4.2: Eigenvalues of the Principal Components Analysis for the uncorrected Ohio Red
Clay dataset
C ORRELATION M ATRIX
PCI PC2 PC3 PC4
Eigenvalues 6.50 2.63 1.76 1 3 3
% 38.26 15.46 103 3 8.99
C U M  % 38.26 53.72 64.05 73.04
In Figure 4.5, a dispersion plot of the object and variable loadings for the first and second 
principal components of this analysis, specific sources of variation in the ORC dataset can be 
related to particular sessions. The greatest variation occurs on the first component where 
between-session differences are most evident. The corresponding dispersion plot of the 
variable loadings for the first and second principal components shows the elements with the 
strongest positive and negative loadings on the first component are the positively loaded Fe,
K, Ca, Si, Ti, and negatively loaded Th, Rb and Li. The occurrence of these three elements 
together is comparable to the grouping that occurred as an improvement in the statistics for 
Th, Rb and Li using the longer count time. It may be inferred that the operating conditions of 
the December 1992 session, while operating on the same short count time as the other 
sessions, produced an effect similar to the longer count time (i.e., a lower detection threshold 
for these elements). The strongest positive and negative loadings on the second component are 
positively loaded Na and Sr, and the negatively loaded Ga, Zn and Mn. Higher concentrations 
of these latter three elements characterise the June 1993 session. But as the second component 
accounts for less than half of the first component systematic variation along this axis is less 
important.
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Figure 4.5: Dispersion plot of the object scores (upper) and variable loadings (lower) for first 
and second principal components of the ORC standard showing variation within and between
PIXE-PIGME sessions
78
The correction factor for intersession variation was calculated by dividing the overall ORC 
average by the ORC session average. Sessions are then corrected by multiplying session- 
specific analyses of unknowns by the relevant ORC session correction factor element by 
element. Note that while this procedure reduces the scatter and improves precision, the 
accuracy of the results remains unaffected, i.e., the average of the overall uncorrected ORC is 
the same as the corrected ORC. The distribution of ORC analyses within each session is not 
systematic and prohibits the further correction of intra-session variation. The effect of the 
inter-session correction procedure can be described most readily with a PCA (Table 4.3; 
Figure 4.6). In the dispersion plot of the ORC corrected data on the first and second 
components, variability is reduced by shifting each session over the same centroid. As PCA 
scales the data according to relative variations the apparent increase in scatter for each 
session in the corrected dispersion plot compared to the uncorrected data is a rescaling effect. 
The corrected ORC analyses represent repeated measurements on the same or replicate 
samples and variation between analyses is already extremely small. The results of the PCA 
provide an opportunity to examine how different aspects of variation, however small, can be 
accounted for by successive components.
Figure 4.6., the dispersion plot for the first and second components, accounts for about 41 % 
of the overall variation in the corrected ORC dataset. For the object scores the correction 
procedure has effectively made the dataset symmetrical by moving each session to the same 
centroid. But for the corresponding variable loadings Figure 4.6 (lower), the variables are 
unevenly distributed around the plot centroid. In this dispersion plot of the first and second 
components the variables are distributed according to the relative abundance of elements with 
the major elements most distant from the centroid. The major elements Fe, Si, Ti and K are at 
the positively loaded extreme of the first component. This group is composed of both major 
and minor elements. Their occurrence together indicates that the concentrations of each 
element are highly correlated with the other elements in this group. A1 and F form a second 
group on the positively loaded second component indicating that the behaviour of these 
elements in the sample is not the same as that of Fe, Si, Ti and K.
Table 4.3: Eigenvalues of the Principal Components Analysis for the corrected Ohio Red Clay
dataset
C O R R E L A T IO N  M A T R IX  
S u m  o f  e ig e n  v a lu es  =  17
P C I P C 2 P C 3 P C 4
E ig en v a lu es 4 .1 8 2 .73 2 .18 2.1
% 2 4 .5 7 16.03 12.82 1 2 3 7
C U M  % 2 4 .5 7 40 .61 5 3 .43 6 5 .8
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Figure 4.6: Dispersion plot of the object scores (upper) and variable loadings (lower) for the 
first and second principal components of the corrected ORC standard labelled by PIXE-
PIGME session
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First Principal Component
Turning to a dispersion plot of the second and third principal components that accounts for 
almost 30 % of the overall variation in the corrected ORC dataset, the pattern of distribution 
for the object scores is similar to that of the dispersion plot of the first and second components 
(Figure 4.7). Moving all analyses in hyper-dimensional space over the same centroid is the 
predictable outcome of the correction procedure. For the elemental loadings, however, as the 
effect of elemental abundance has been accounted for on the first component, the residual 
variation in the dispersion plot describes a different feature of elemental behaviour. The two 
main groups of elements on the second and third components are largely composed of minor 
or trace concentrations. The grouping of F, Al, and Na is of particular interest as these are 
the three elements measured by PIGME. The likelihood that these three would randomly occur
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together is vanishingly small (0.005%), and indicates that this dimension of the PCA has 
isolated a instrumental difference between PIXE and PIGME as X-ray and nuclear 
measurement techniques. Measurement of F, AL and Na is the most precise and accurate of 
all the elements measured by the technique. Li is the fourth and least accurate of the elements 
measured by PIGME. Its occurrence with two of the most variable of the PIXE elements (Ga 
and Th) indicates that its variable behaviour has been isolated on this dimension of the PCA.
Figure 4.7: Dispersion plot of the object scores (upper) and variable loadings (lower) for the 
second and third principal components of the corrected ORC standard labelled by PIXE-
PIGME session
Oct-91 
Dec-91 
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In Figure 4.8, a dispersion plot of the object scores for first and second principal components 
of the 1991-1993 analyses, deviation in the ORC standard forms a small part of the overall 
variation of the corrected dataset. In the PCA of the combined analyses, variation in the 
precision of each session is insignificant compared to the overall structure of the dataset.
Figure 4.8. The dispersion plot of the object scores for first and second principal components 
of the corrected 1991-1993 dataset, showing the deviation of the ORC standard relative to
overall variation of the dataset
Principal Component 1
The correction procedure for the standard outlined above illustrates the high resolution of very 
small variations in the multi-elemental data that is possible with PCA. In the follow section 
practical considerations of sample preparation and measurement are discussed.
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Sample preparation
To prepare the ceramics for PIXE-PIGME analysis samples are crushed and pressed into 
aluminium caps. This procedure is necessary to minimise both the effects of heterogeneity in 
the fabric and the attenuating effects of surface topography on the ion beam. Samples are 
prepared from a pottery fragment of approximately 0.5 cubic centimetres. Old fractures and 
surfaces are cut off the fragment with a diamond saw to remove surface contamination. The 
fragment is further cleaned with a tungsten carbide burr to remove material left by the 
diamond blade. It is then washed in an ultrasonic bath of distilled water for five minutes to 
remove cutting and grinding residues and any other contaminants lodged in pore spaces. After 
drying the cleaned fragment is crushed in a tungsten carbide ball mill for ten minutes.
Graphite is added to approximately 0.5 g of the sample powder at a ratio of one part graphite 
to four parts of sample. The graphite and powder are thoroughly mixed in a mechanical 
shaker for ten minutes before being pressed into a 13 millimetre diameter aluminium cap. The 
prepared samples are then ready for PIXE-PIGME analysis. For this analysis the standard 
operating conditions for PIXE-PIGME are ~ 3 millimetre diameter beam of protons at 2.5 
MeV energy. Due to the predominance of Si in the composition of ceramics, pin-hole filtering 
of the X-rays is required to avoid flooding the PIXE detector with Si counts and the 
commensurate increase in counting dead time. Beam penetration is dependent on the density of 
the matrix and for alumino-silicates penetration is estimated at a minimum of 10 microns. In 
the table the total volume of prepared sample analysed by the beam based on the parameters 
used in this study is calculated with the formula to detemiine the volume of a cylinder:
n  r2H
where r  is the radius and H  is the height of the cylinder. The analysed quantity can then be 
obtained by dividing the volume analysed by the total volume and converting it to parts per 
million (ppm) (Table 4.4).
Table 4.4: Quantity of total stub analysed by 3 mm diameter beam expressed as ppm using the
_______ calculation for the volume of a cylinder (Ur^H)________
area of 13 mm stub surface (in mm)
n  Diam Radius Height
3.1415927 13 6.5 2
Total volume of stub
265.46 cubic millimetres
Beam (in mm)
Diam Radius Depth
3 1.5 0.01 (10 microns penetration)
volume analysed
0.0707 cubic millimetres______= ~ 266 parts per 1,000,00( (ppm)
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Sample homogeneity
As a check on the effects of crushing, mixing and pressing on particle size and 
homogenisation a pressed pellet of test clay ( Ohio Red Clay see below) was examined with a 
Scanning Electron Microscope. Particle size of the crushed sample was ~ ten microns 
diameter or less allowing a minimum of 90,000 particles to be analysed within the 3 mm 
diameter beam.
The degree to which this powder represents the original pottery sample is dependant on the 
homogeneity of the crushed and pressed pellet. Prior to mixing with analytical grade carbon to 
help bind the powder and prevent charging while the proton beam is on. The carbon was 
spiked with Ruthenium (Ru) oxide at a concentration of 0.1%. In the analysis of the sample 
powder and carbon pellets Ruthenium concentrations were ~ seven hundred parts per million. 
Ruthenium has a higher atomic number than the surrounding alumino-silicate and graphite 
matrix of the pellet. Using a scanning electron microscope (Philips 505) equipped with a 
Robinson Backscatter Detector it was possible to map the distribution of individual 
Ruthenium oxide grains that were generally 5 microns or less in diameter. A total of 1038 Ru 
particles were observed over a twenty by thirty matrix with cell dimensions 0.15 X 0.1 mm 
and an inter cell spacing of 0.3 mm (i.e., a total area of 9 mm2 was scanned) (Table 4.5, 
Figure 4.9). As an estimate of the randomness of the Ru distribution the table was first 
seriated to maximise object and variable similarities [Wright 1992: Sériation module] (Table 
4.6). The results of the sériation provided a measure of original variation and improvement 
after the analysis. The average variance of rows in the original matrix equaled 32.78. After 
reordering average variance was improved by around 2.5 to 30.28, with the reordering vector 
accounting for 14.9% of variance in the table. By randomising the Y variables any non- 
random structure that may have existed in the table is removed. Sériation of the artificially 
randomised dataset can then be used to compare with the results of the sériation for the 
original matrix. The average variance of rows in the randomised matrix is 33.21, with the 
reordered average variance showing a slight improvement over the original sériation of 29.39, 
but the 14.4% variance accounted for by the reordering vector is marginally worse than for 
the original sériation. The overall similarity of these values suggests that both the artificially 
randomised matrix and the original matrix lack structure to about the same degree. As there is 
no clumping of Ruthenium oxide grains I concluded that the distribution of Ru in the sample 
is even and that the mixing procedure has effectively homogenised the sample.
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Table 4.5: Observed frequencies of Ruthenium in the sampling matrix for the Ohio Clay
Standard
Y
X 1 2 3 4 5 6 7 8 9 1 0 11 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0
1 1 1 1 2 1 1 3 2 1 5 2 3 0 3 1 4 1 2 3 4
2 1 1 2 1 0 2 1 1 2 3 3 0 2 1 3 2 5 0 5 3
3 2 0 1 0 2 1 0 0 0 3 0 1 1 0 0 2 4 1 1 0
4 0 1 4 1 2 0 1 1 3 2 1 1 0 0 1 3 1 1 1 0
5 0 2 2 2 1 2 0 0 1 1 2 1 0 3 1 4 0 4 1 4
6 3 2 3 6 0 2 2 2 I 2 4 0 0 2 3 3 0 2 3 1
7 2 3 2 2 1 1 1 1 1 1 2 0 1 0 0 1 3 3 1 2
8 3 2 3 3 1 5 0 1 2 3 3 2 4 3 4 2 1 0 2 3
9 2 3 0 3 0 1 2 0 1 0 0 3 6 2 2 1 2 2 0 2
1 0 0 3 2 1 0 1 4 4 4 1 4 4 1 4 4 0 2 3 4 0
11 3 1 1 4 3 0 1 3 0 2 0 2 3 0 5 1 0 3 1 2
1 2 3 1 0 1 2 1 1 2 2 0 2 4 0 0 4 1 3 0 3 1
1 3 1 1 1 2 3 0 3 1 2 2 0 5 1 0 2 0 4 2 1 3
1 4 0 5 1 3 0 2 2 1 0 0 4 0 2 0 1 0 4 0 0 2
1 5 2 0 7 2 2 4 2 0 3 2 3 3 3 1 4 1 0 2 0 3
16 2 3 2 1 1 2 2 3 3 1 3 0 1 5 1 0 2 1 2 0
1 7 3 2 4 1 0 3 1 3 1 0 1 3 2 0 4 1 0 3 1 0
1 8 0 1 2 0 2 0 3 2 1 0 1 2 3 0 6 2 3 4 0 3
1 9 2 3 3 1 0 0 1 0 1 1 1 0 1 1 4 4 3 1 1 2
2 0 2 1 0 0 1 2 1 0 5 2 1 3 3 4 2 5 4 3 0 2
2 1 1 2 1 0 2 0 3 0 4 5 2 2 0 0 2 0 1 2 4 1
2 2 2 3 4 2 2 3 2 2 1 3 3 0 4 2 2 0 0 1 2 0
2 3 1 2 1 1 1 1 2 0 0 3 0 3 1 3 1 1 2 0 1 0
2 4 2 3 3 4 2 3 2 1 3 0 3 2 0 4 1 2 0 1 3 3
2 5 0 4 1 2 1 0 0 1 1 2 2 4 2 1 3 1 2 2 1 2
2 6 4 4 0 1 0 2 1 0 0 1 3 2 4 3 1 2 0 0 2 0
2 7 3 3 2 1 2 1 0 2 1 0 4 3 2 1 0 3 0 2 4 3
2 8 3 1 4 2 1 1 0 2 2 2 2 3 0 0 2 2 2 1 0 4
2 9 0 1 2 3 3 1 1 3 3 3 3 0 1 3 3 1 0 0 0 0
3 0 2 4 4 2 1 1 2 1 0 1 1 4 1 2 3 2 4 7 1 3
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Figure 4.9: Interpolated Ruthenium distribution over the sampling matrix for the Ohio Red 
Clay pellet. Outer circle indicates pellet diameter; inner circle indicates area analysed by ion 
beam (dimensions approximate). Grey scale = number of Ru particles identified in each cell.
TT mm
Table 4.6: Sériation of observed frequencies of Ruthenium in the Ohio Clay Standard, left 
sériation of original matrix; right sériation of variable randomised matrix
Key to graphics matrix: . = 0 -
Average variance of rows in original matrix 32 .78223
After reordering average variance 30 28064
Reordering vector accounts for 14 9 °) >
of variance in table
X • X X . X X . .
n • X X • X • • X • •
• X X • X • • • X X • X • •
• • X § • X • X X • X • X •
X X X X X X • X X • • X • •
X . X X X • X X X X
x n X X . • X X X • • X X X .
. • X X n • • • X
X X X • X • • X X • X •
x . X X X X • X X X X X •
. X • X X • X X X X
. x X • • X § X . X X • X .
X • • • • • X
. » X n • • • • X X X n
• . X X • § • . • X • •
X . . X •
X . • . X . X X a X X •
• • X • • • X X
X • X X X • X
X X X X • n • X • X
• • • X X • • • • X X •
• • X • • X • X ♦ .
X X X • •
• X • X • X • X X
X • • X n n • • • X X X
• • X X X n • • • •
• . • X • X • X X X § X
§ X • • X X
• X • X
. • X . . X X n . X
1.4 ; •= 1.4 - 2.8 ; x= 2.8 - 4.2; n= 4.2 - 5.6 ; §= 5.6 - 
__7__________________________________________
Average variance of rows in original matrix 33.21352 
After reordering average variance 29.3895 
Reordering vector accounts for 14.4% 
of variance in table
• x * x * * . * x ......................................................
X X • •  . X • . . x  * . x ........................................ • .
* . x x * * x . * * n * . * * ......................
x * . . * . * . x . . . x x x * . . . .
X • X •  X • • . . x . x • . x • x .
. . •  . X •  . X • X . • • • .........................................
. . •  . •  X • •  • . . X » * * .
x . x * x * * . x * x .  . . x x . x .
• • X .  . X X •  • X . . . X . X •  •  X .
X . * . X X ........................................................X X . . . * .
X X X X . X *  . X • X • X §  • • • •  X .
• x x x . * . * . x . . . . x . * * x *
. § . x .  * .  , . x x .  . * * . . .  n .
*3 * * . . . X •  X X . . . . X X X .  . X
• x * . . . . ...................... . . . n . . x .
. . x n • x x • . x .  . * . . * x x x .
. . . . x x . x . * x . x . x . * * x .
. x * . . x . . * . . * x . . . * x . x
x x ...........................x n x n x * x . , * . x
. • . . . . * x § x x . x . . * * . x *
• .  . . » X .  . X • . •  X X . . * . * •
x . . x x . * . . . . x * * . . x . x x  
* . . x * x . . * . . x * x x . § * * x  
. . . . n . . * . x * * x * . x . . * x
• * . x .  . . x x x .  . n x . x • Q
. . X . . X ................................* x x x . . x x
. . . . • . X . X .  . . •  X * x . x .
. . • . . . . * x . . . x . * * * . . x
.........................................• . • § • .  . . X . • X X X
..................................................... * . . • • n x • x •
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Bulk versus discrete analysis: the effect of inclusions
A second concern for the PIXE-PIGME protocol is the representativeness of the prepared 
bulk sample relative to the initial fabric. The significant influence of inclusions on the 
elemental characterisation of ceramics is problematic for provenance studies with numerous 
attempts made to statistically or physically reduce their potential distorting effect ((Neff, et al. 
1988; Neff, et al. 1989). For the PIXE-PIGME analysis the objective is primarily 
technological where the major concern is to ensure that the potential variety of inclusions 
present in the fabric are well represented in the analytic sample. To this end a PIXE-PIGME 
analysis carried out on crushed and pressed pellets and intact fabric samples cut from seven 
pottery sherds. For both the PIXE-PIGME analysis of the prepared and intact fabric samples 
the beam diameter was maintained at 3 mm. The sherds were selected to represent the range 
of textures present in the samples from porous stoneware with numerous coarse inclusions to 
fine glassy whiteware with few fine inclusions. In most cases a second replicate is included.
As a control two intact fabric samples of the Ohio Red Clay standard are included. In Figure 
4.10 a systematic shift is shown between the sample pellets and the cut disks irrespective of 
whether the samples are fine or coarse grained. Note that the relative position of each sample 
sequence is maintained. The shift can be accounted for by the difference between whole cut 
disk samples and prepared powdered samples diluted with the addition of graphite in a ratio 
of 1: 4 before pressing.
In Figure 4.11, the dilution effect has been corrected by dividing the analyses of the cut disk 
samples by the factor required to bring one of the Ohio Red Clay disk analyses equal with the 
Ohio Red Clay pellet average. In principal this factor equal the ratio between a whole sample 
and sample mixed with carbon: -1/0.8 or 1.25 and in practice the correction was close to this 
ratio (i.e., 1/0.78 or 1.276). With this matrix correction the component distances between the 
disk and pellet analyses has been substantially reduced. The greatest difference between 
analyses of pelletised samples and corresponding cut disks is in the coarse textured samples. 
Overall however, the comparison indicates that after correction, both the discrete and bulk 
analyses are similar. However, the quantity of original parent fabric powdered and reduced to 
a powder is more representative sample for analysis than the cut disk samples with larger and 
fewer grains that can be illuminated by the incident proton beam.
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Figure 4.10: Sample preparation: PCA analysis of P1XE-PIGME results for homogenised 
samples crushed mixed with carbon and pressed into stubs compared to cut pottery disks from
the same pottery fragments.
First Principal Component
Figure 4.11. Sample preparation: matrix correction for the cut disks with results normalised by 
a factor derived from the mean analysis of the ORC pellet sample
First Principal Component
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Supplementary techniques 
Scanning Electron Microscopy (SEM)
Scanning electron microscopy provides qualitative information about the structure of fracture 
surfaces of a sherd. SEM has been used to estimate firing temperature based on the extent of 
vitrification of the sherd body (Rice 1987; Tite, et al. 1982) however the validity of this 
procedure is debatable because of the often large variations in temperature within a single pot 
(e.g., Gosselain 1992). This study employed a scanning electron microscope (Philips 505) 
equipped with a Robinson Backscatter Detector and EDAX energy dispersive spectrometer 
coupled with on-line computer spectrographic analyser (Kevex 1983). The SEM provided 
qualitative supplemental data for the quantitative elemental and porosity data. It was used to 
record the structure of fabrics, identify individual grains within the ceramic matrix and to give 
semi-quantitative analysis of both ceramic phases and mineral grains within the matrix.
For the examination of prepared samples such as the ORC stub outlined above, the stub was 
attached to a sample holder by a temporary conductive cement. Carbon mixed with the sample 
powder as part of the preparation for PIXE-PIGME analysis provided a conductive matrix for 
SEM of the sample. SEM examination of the structure of the fabric for firing effects such as 
the extent of glass fomiation requires the preparation of a fresh fracture surface. The fracture 
fragment is attached to a flat sample holder by a temporary conductive cement and is sputter- 
coated under vacuum with a thin layer (~5 nanograms) of conductive material. For the 
identification and EDAX analysis of mineral grains within a ceramic fabric a carbon is used 
as the conductive coating. For this procedure a sherd was ground flat with successively finer 
grades of carborundum paper and polished with a 6-micron diamond paste. The surface was 
sputter coated under vacuum with carbon prior to EDAX analysis. For photographic purpose 
best results were achieved with a gold rather than carbon coating.
Summary
To ensure robust partitioning of ceramic groups analytic protocols for archaeological 
ceramics have been developed that emphasise precision and accuracy of measurement, and 
inter-laboratory reproducibility. The most rigorous protocols have been developed as part of 
intensive archaeological programs to address questions of the origin of artefacts. In contrast 
elemental characterisation of East and Southeast Asian ceramics has derived the basic 
methodology from the protocol employed for other ceramics but lacks the same level of 
rigour. The distinctive character of the "East Asian Protocol" can in part be accounted for by 
scarcity of facilities and funding. But the divergence of analytic methodologies also reflects 
the abundance of ceramic production centres in Asia and the extensive typological literature 
available for their products.
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PIXE-PIGME analysis provides an economical means of developing a high-accuracy and 
high-precision protocol for Asian ceramics that meets the parameters of the high resolution 
protocol. Its chief features include simultaneous measurement of up to 40 major, minor and 
trace elements; high precision and accuracy comparable to the most sensitive nuclear 
techniques; and high throughput of samples (up to sixty in one run on the experimental facility 
at ANSTO). With the repeated PIXE-PIGME analysis of an international archaeological 
ceramic standard, Ohio Red Clay, the elemental results can be directly compared with those of 
different laboratories and techniques. The ORC standard also provides a means to correct 
systematic differences between sessions resulting from minor changes in operating conditions 
and an overall increase in the precision of the dataset. Differences within a session can not be 
corrected and are accepted as the background variation.
Because the PIXE-PIGME technique involves a high energy beam of protons to excite and 
count X-ray and y-ray emissions from a prepared sample, the amount and homogeneity of the 
sample measured is an important parameter of the analysis. At 2.5 MeV and with an optimum 
diameter of 3 mm beam penetration of the target is around 10 microns. For prepared samples 
of 13 mm diameter the beam excites only a small part of the total sample (-100,000 particles 
or -250 ppm). The small yield makes the homogeneity of the prepared sample a critical 
factor in the representativeness of the analysis. Using a Ruthenium spike in the carbon 
sample mixture a detailed examination of the matrix of a prepared sample I demonstrate that 
the powder is homogenous. I conclude that the small excitation volume is sufficient to give a 
reliable measure of the homogenised composition.
Scanning electron microscopy is used to compliment the quantitative chemical data with high 
resolution imaging of the fired structure of fracture surfaces as well as semi-quantitative 
identification of mineral inclusions.
In the following chapter the results of the PIXE-PIGME analysis for a range of Southeast 
Asian ceramics are presented. These data were collected and corrected as described above.
90
Chapter 5
PIXE-PIGME analysis of Southeast Asian ceramics
I have outlined the historical context of pre-modem and early modem Southeast 
Asia and the problems with the scale of analysis employed. To investigate the 
process of commoditisation in the sixteenth century I selected specialised stoneware 
production in Southeast Asia as an ideal artefact for analysis. The theory and 
implications of specialised production have been described as a context for 
previous work on the dating and analysis of stoneware production in mainland 
Southeast Asia. I argued that a high precision analytic protocol is required to 
address the process of commodisation with particular reference to production in 
northwestern Thailand. In this chapter I present the results of PIXE-PIGME 
analysis of ceramics from production centres in central northern Thailand, Lao 
PDR and Burma following this protocol.
The results are primarily used to construct changes in ceramic production through 
time at three major production complexes in central northern Thailand. Structure in 
the elemental data is considered from both an environmental and technological 
perspective. Where necessary additional techniques are used to emphasise the 
character of the dataset. The results of elemental analysis of wares from a range of 
production centres in central and northern Thailand are interpreted in the context of 
expectations about the behaviour of different types of specialised production.
Almost 850 samples were analysed for this study representing a number of 
mainland Southeast Asian production centres. A collection comprised of 300 
samples, was already available from excavations in Lao PDR and survey in 
Burma, but the majority of the sample group remained to be collected from 
Thailand. Sample collection was carried out over two field seasons; the first at the 
end of the first year of the project; and the second at the beginning of the third year.
This is the first study to produce a high resolution analysis of a range of Southeast 
Asian ceramics that includes ceramics from Burma, Lao PDR as well as Thailand. 
Sampling was intended to provide representative groups of the major ceramic 
production complexes in what is now central and northern Thailand and involved 
collection of samples from production sites held in research collections in Chiang 
Mai. Archaeological material provided a second source of ceramic samples. 
Ceramics from the production sites at Sawankhalok, Sukhothai, and Phitsanalok in 
north-central Thailand were supplied from the excavation of a kiln at Sukhothai in 
1993 by the Archaeology Division of the Department of Fine Arts, Thailand. 
Ceramics were also collected from Lao PDR from excavations at Vientiane (Hein, 
et al. 1992), and Ban Xiang Hai, Luang Prabung (excavation report in 
preparation). These were collected in 1989/1990 and 1991 during excavations 
carried out by a joint University of Sydney and Lao team. Burmese samples were 
collected during field work in 1990/91 at Pegu, Pagan, and Lagumbyee (Hein, et al. 
1989; Hein et al. in prep).
In this preliminary section I present the results of the elemental analysis of ceramics 
from a wide range of historical stoneware production sites in mainland Southeast 
Asia that includes the central Thai production complexes of Sukhothai and 
Sawankhalok, a northern Thai complex in the Kalong Valley, the kilns of Ban 
Xang Hai in Northern Laos, and Vientiane in central Laos. Production does not 
appear to extend beyond the mid seventeenth century AD. Multivariate description 
of the chemical range for all ware classes is undertaken by production complex as 
well as by individual classes. The formal objectives of the analysis are 1) to 
characterise ceramic variation at each production site; 2) to compare sites by ware 
types; 3) to determine the relationship of resources to technology employed.
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Collections
The most extensive collection of sherds from ceramic production complexes in Thai 
and trade wares is held in the Ceramic Research Centre, Chiang Mai University 
(CRC). The CRC collection provided the basis for the Thai samples used in this 
study and includes kiln wasters, architectural ceramics, and pottery sherds. The 
production centres of northern Thailand represented in the sample group include the 
Kalong complex of kiln sites, Nan, Phan, Phayao, Sankamphaeng, Lampang, and 
Lamphun. In addition sherds from the eastern-central Thailand at the Khmer 
production site at Ban Kruat were included. Ceramics collected from upland burial 
sites, both from the CRC collection and collected as part of this study as detailed in 
the following Chapter, were also included. The Sawankhalok office of the 
Archaeology Division, Department of Fine Arts generously provided a selection of 
glazed and decorated Sawankhalok ceramics (Grave and Sutthinet 1994). The Art 
Gallery of South Australia provided three additional samples of Sawankhalok ware 
(Figure 5.1).
Figure 5.1. Proportional distribution of samples from production sites in Thailand
Mcnam Noi 
Nan
Ban Kruat
Phan
Lampang
Lamphun
Sankamphaeng
Phayao
Sukhothai
Kalong
Sisatchanalai
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Sample quality
The information value of the samples varies according to the documentation 
available and the size of the sample groups that it was possible to assemble. The 
sherds provided by reference collections are largely without precise context. 
Generally the kiln site from which the sample was collected is noted. For the 
Sawankhalok and Sukhothai production complexes no direct associations have been 
possible. Wares from these sites like almost half of the Kalong wares can only be 
associated with the overall complex rather than with specific kiln sites or areas.
This indeterminacy prohibits assessments of the relationship between ware types 
and production and it is not possible to argue for the operation of different forms of 
specialist production from the sherd sample.
The sample group includes stonewares and earthenwares, as well as imported and 
local tradewares with the spectrum of oxidisation and reduction firing effects 
represented. A variety of surface finishes include impressed and carved decoration, 
low and high temperature glazing and painted decoration. A range of whitewares 
are also represented. The Sawankhalok ware includes green glazed and 
underpainted decorated bowl fragments, and a small number of unglazed jar 
fragments. A variety of wares from the period of historical production at this site 
was provided by samples from a Department of Fine Arts 1993 excavation of the 
fill of one of the Sukhothai kilns. These included i) wares with a glazed and white- 
slipped surface, often with underpainted decoration (i.e. inorganic pigment painted 
on to the slip before glazing); ii) stonewares fired in a reducing kiln atmosphere 
with a grey to black fabric, usually jars and mortars. Some of theses have stamped 
or applied decoration; iii) earthenwares fired in an oxidising kiln atmosphere with a 
pink to buff fabric, some with stamped or applied decoration.
The sample includes both decorated glazed and unglazed stonewares. Decorated 
glazed stonewares include plates and bowls, bottles, storage jars (wide mouthed & 
narrow mouthed), lamps, figurines, and architectural sculpture and fittings. The 
decorative treatments represented in the sample incorporate the range of high 
temperature surface treatments. Glazed finishes, either monochrome or bichrome, 
depend on the colour of the underlying clay body. If sufficiently white they can be 
translucent, otherwise they are either opaque or the body is first covered in a white 
slip. Decoration includes underglaze carving for white bodied translucent glazed 
wares, and underglaze painting, and sgraffito incision. Decorated but unglazed 
stonewares are confined to jars and mortars and decorated with incision, stamped 
or impressed, and applied elements. The sample also includes low temperature
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glazed and decorated wares from Burma. These include fine-grained earthenwares 
with opaque chemical glaze polychrome finishes and overpainted decorative motifs, 
and architiectural ceramics.
Elemental analysis and data partitioning
PIXE-PIGME analysis of the samples (see Appendix 1 for descriptive catalogue 
and Appendix 2 for PIXE-PIGME results), and the Principal Components results 
(Table 5.1), indicates that the dataset contains substantial structure on both the 
first, second and third components. Analyses are distinguished from accession 
numbers of the samples by the laboratory prefix AUS (Australia, University of 
Sydney).
Principal components analysis is a powerful descriptive technique but one that is 
dependant on the scale and diversity of a data set. Where the scale is 
inappropriately large the PCA will tend to compress lesser structure in the dataset. 
Conversely an inadequate sample can result in a PCA structure that is inflated or 
distorted. The analyst has to decide the scale of the problem under consideration 
and the quality of samples included for analysis. For the assessment of a 
technological trajectory a number of issues are relevant. The first of these is the 
discrimination between technological and environmental effects. Care in the 
selection of wares is required to ensure that samples are not only comparable in 
terms of the source but also in terms of the technology employed, as the effect of 
inclusions can have a major effect on chemical characterisation (Neff, et al. 1988; 
Neff, et al. 1989; Rye 1976). To establish the effects of inappropriate scales on the 
dataset used in this study a range of wares from northern Laos and northwestern 
Thailand were extracted from the PIXE-PIGME dataset.
Chemical variation: geo-chemistry and techno-chemistry
The Lao wares collected as surface sherds in the area of Ban Xang Hai, Luang 
Prabung Province. They are handmade calcite tempered fabrics and are decorated 
with applied and carved curvilinear designs and show similarities with basal Ban 
Chiang and Non Koi Noi wares of General Period A (Higham 1989: 122, fig,
3.22). They represent a local variant of a widespread late prehistoric ceramic 
tradition in Southeast Asia. Secondary clay deposits in the area are plentiful along 
the banks of the adjacent Mekong River and are the likely clay used for the fabric 
of these wares. The Thai samples include wares from an equally widespread upland 
tradition of hand made bag-shaped cooking pots, also with a calcite temper and 
typically decorated with mat impressions or vertical incision. The majority come
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from contexts associated with 2200 to 1200 BP cave burials in Mae Hong Son 
Province (Keiman, Spies and Dunkely 1988); others are samples of modem wares 
produced and discarded in the pottery making village of Ban Chang Mo, Hot 
Province. The Thai group also includes handmade earthenware roof tiles from the 
Wat Chan region of the Northern Mae Chaem valley, intermediate between Mae 
Hong Son and Chang Mo. The tile samples have a fine fabric and probably belong 
to the last three hundred years of occupation in the region. Thus the Thai wares 
represent a range of handmade fabrics from a region extending over several 
hundred square kilometres of the northern Thai uplands, and belong to prehistoric 
and modem ceramic traditions.
The first two principal components of a multivariate description of the Lao and 
Thai handmade earthenware data clearly identifies them as belonging to discrete 
compositional fields (Figure 5.2). The overall chemical coherence of the Thai 
fabrics indicates that although a considerable period separates the early from more 
recent wares included in the sample, the temporal and technological distinctions are 
not reflected in the chemical range. In this case differences bwteen the geology of 
the catchments of northern Laos and Thailand are sufficient to distinguish between 
the chemistry of the wares from each region.
Figure 5.2. Dispersion plot of the first and second components from a PCA of 
earthenware analyses comparing Lao and Thai fabrics.
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However, in an analysis of the same data that also includes 15th century AD wheel 
made wares from the same site in northern Laos and that are presumed to have 
been derived from similar secondary clay beds, the regional distinction between the
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northern Lao and Thai fabrics is no longer as marked (Figure 5.3). The range of the 
fifteenth century AD wheel made wares from Ban Xang Hai are compositionally 
intermediate between the Lao and Thai handmade wares. The compositional shift, 
evident from the Ban Xang Hai hand made to the wheel made wares, exemplifies 
the significant chemical alterations that can be introduced where available 
resources are modified through the use of a particular ceramic technology. The 
decrease in the multivariate space separating the Ban Xang Hai wheel made wares 
from the Thai hand made wares indicates that the technology of clay processing for 
production by wheel can reduce the significance of catchment specific 
characteristics. The implication of technology-introduced variations in fabric 
composition for elemental characterisation is that comparison across technologies is 
likely to reflect gross compositional differences in which catchment and technical 
effects are conflated. These differences tend to swamp more subtle distinctions 
resulting from innovations within a particular technology and underlines the 
importance of comparing similar technologies when trying to assess production 
trajectories.
Figure 5.3. The problem of comparison across technologies is illustrated in this 
dispersion plot of the first and second components from a PCA of earthenware and 
stoneware analyses of Lao and Thai fabrics. Note the distance between Lao 
earthenwares and stonewares relative to that between the stonewares and Thai
earthenwares.
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The Southeast Asian potters entry into stoneware production constituted a 
widespread phenomenon in mainland Southeast Asia. Most urban centres were 
supplied by local stoneware producers to supplement the demand for imported 
stonewares. The elemental characterisation of different catchment areas involved in
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central and northern Thailand can best be described through the chemical 
signatures of individual pottery producing areas. Because this section is intended to 
describe between-group similarities Canonical Variate Analysis (CVA), rather than 
PCA is the appropriate method of analysis. The CVA of the dataset emphasises a 
marked overlap in the compositional fields of each centre with the exception of the 
Sawankhalok decorated whitewares, and the modem pottery and primary clay 
samples from the area. Note that at this scale little structure is evident within the 
Sawankhalok wares (figure 5.4).
Figure 5.4. Dispersion plot of the first and second variates from a Canonical Variate 
Analysis of the analyses for samples from Thailand grouped by production centre 
and ware type. The upper plot shows the dispersion of individual samples for each 
centre, in the lower plot the average of each group is labelled with the name of the
production centre.
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Table 5.1. Average and % standard deviation for wares from production centres in 
central and northern Thailand. Elements are ordered according to their vector 
position on along the first canonical variate.
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Glazed and decorated fineware production
A distinction can be made between production centres that use clay with a high iron 
content for fineware and those that use white clays for the fabric of finewares 
(Table 5.1). Deposits of high iron clays associated with fluviatile sedimentary 
terraces are widely available in Southeast Asia whereas deposits of white clays are 
highly localised. Production complexes that make wares out of sedimentary clays 
are generally located close to urban centres, while production of white wares occurs 
close to a suitable source of white clay. Sawankhalok is an anomaly in the general 
pattern as both high iron and whitewares were produced at this complex and it was 
located close to a major urban centre. The white fabric of Chinese decorated 
finewares traded in the second millennium is parallelled at a number of Southeast 
Asian production centres. White clays suitable for high-fired stoneware production 
are frequently derived from primary or metamorphic deposits devoid of elements 
present as impurities in mineralogically more complex sedimentary clay beds. As a 
result white clays can also pose significant problems for the production process. 
Refractory white clays are resistant to melting, and their structure can result in a 
paste that is not readily malleable (i.e. short). Thus the handling properties of many 
white clays can impose constraints that require special techniques of firing (i.e. 
higher temperature technology), or forming. Consequently in addition to the basic 
problem of locating suitable deposits whiteware production can impose 
considerable demands on the potters skill, involving specialised production 
techniques. As whiteware production also requires a processing, fomiing and firing 
technology, matched to the behavioural characteristics of the materials, elemental 
analysis of whitewares provides a particularly useful measure of specialisation. 
Whitewares were produced at a number of historical production centres in 
Thailand. In this section I discuss samples from four of the best known whiteware 
production sites to extend the discussion of the interplay between environment and 
technology for the interpretation of salient features of the elemental ceramic 
signature.
Sawankhalok
The Sawankhalok sample includes both jars and glazed and decorated whitewares. 
These two classes of ware are readily distinguished elementally principally by the 
high iron content of the jar fabrics but also by higher levels of minor and trace 
elements including manganese and fluorine (Figure 5.5, Table 5.2.). The 
composition of the Sawankhalok jars exhibit a general similarity in elemental 
concentration with jars from other production centres in northern Thailand.
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Figure 5.5. Dispersion plot of the first and second components from a PCA of the 
Sawankhalok ceramic sample indicating the compositional distance between jar and
glazed whitewares.
°  Whiteware 
•  Jars
F rst Principal Component
Table 5.2. Elemental averages for Sawankhalok whitewares and jars. The order of 
elements (in ppm) are arranged according to their eigen loadings on the first 
principal component from negative to positive.
Whitewares Jars
Average %Std Average %Std
Ga 16.5 15.9 9.3 24.1
Na 5158.1 49.4 1480.5 49.8
K 17696.2 16.8 10552.9 22.1
Sii 294867.5 7.8 243729.8 7.9
Sr 98.1 39.2 43.8 15.3
A1 39551.1 6.4 36286.2 11.5
Ca 2584.4 177.1 2042 24.8
V 118.7 35.8 116.4 17.4
Nb 9.1 68.2 8.3 53.2
Rb 119.2 18.4 129.9 16.3
Ti 3296.8 27 3587.5 14.1
Mn 72.8 57.3 188.3 85.1
Zn 17.7 67.8 34.9 19.7
Li 9.7 60.8 23.9 18.8
F 49.3 106.7 178.8 49
Th 10.1 88.7 40.6 19.3
Fe 11015.6 37.8 42154.3 14.1
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The analyses of a group of decorated whitewares from Sawankhalok were extracted 
from the data set for PCA. This subgroup is composed of sixty eight analyses 
following reiterative removal of outliers. In addition to seventy five samples of 
historical tradewares from Sawankhalok four samples of modem wares prepared at 
the site (from Ban Ko Noi) were prepared for PIXE-PIGME analysis. PCA of the 
sample group accounts for a little over seventy percent of the overall variability but 
the most intelligible features of the data structure are described by the first two 
components (49% var). The strongest division is along the first component (32% of 
the overall variation) between the major elements potassium and sodium. The 
second component (15% of the overall variation) separates samples with higher 
concentrations of the major element calcium (and the trace elements typically 
associated with calcium: lithium, strontium) and the trace element fluorine, from 
aluminium rich compositions. In a dispersion plot of objects on the first two 
components the sample group is partitioned on the first component into discrete 
potassium rich and sodium rich compositions (Figure 5.6). This primary partition 
of the sample group is further separated along the second component into two 
distinct strata composed of fluorine rich and aluminium rich compositions. The 
identification of the analyses in each partition /strata combination allows 
membership to be cross checked with the typology of the samples. The largest 
partition is composed of thirty eight samples divided between the high Na-Al 
(membership 24), and high Na-F (membership 14) strata. The smaller partition is 
composed of 30 samples in two strata, high K-Al (membership 17), and low Na 
(membership 13). Samples in the high Na-Al stratum of the largest partition 
includes both underpainted and undercarved monochrome glazed wares with 
undercarved wares dominant at the A1 extreme end of the partition. The F rich 
substrate of the high Na partition is almost entirely composed of underpainted 
wares. The high A1 stratum of the smaller K-rich partition is restricted to 
undercarved glazed wares, while the F rich substrate includes both underpainted 
and undercarved wares.
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Figure 5.6. Dispersion plot of component 1 and 2 for Sawankhalok whitewares with 
objects (above) labelled according to decorative type, and corresponding variable
loadings (below)
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The structure of the Sawankhalok glazed whiteware dataset can be summarised in a 
table of elemental averages for each group (Table 5.3, Figure 5.7). The pooled 
variation on the four major elements, K, Sii, Fe and Al, provides a measure of 
group homogeneity. A trend in group variablitiy is evident that ranges from 8 % 
variation for the B group upper celadons, 11 % for the B group lower celadons and 
painted wares, 14% for the A group upper celadons, and finally 17 % for the A 
group celadon and painted wares. The overall homogeneity of the B group wares 
suggests consistency in clay preparation compared to the A group compositions, a 
proposition further supported by the greater typological variation evident in the A 
group wares (see Appendix 3 for the appearance of the wares of each group).
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Table 5.3. Elemental averages of the four subgroups of Sawankhalok celadon and 
painted glazed whitewares. The order of elements are arranged according to their 
eigen loadings on the first principal component from negative to positive.
B celadon (upper) B celadon& paint (lower) A celadon& paint (upper) A celadon& paint (lower)
Avg. % Stdev. Avg. %Stdev. Avg. % Stdev. Avg. % Stdev.
K 20902 ±  6 19912 ±  4.9 16137 ±  9.2 14334 ± 16
Ti 3267 ±  12.2 4304 ± 10.6 2510 ±  17.8 2992 ± 21.1
Rb 132 ±  5.3 130 ± 7.7 108 ±  111 94 ± 17
V 127 ± 20.5 157 ±  10.8 87 ±  37.9 102 ± 30.4
Th 11 ± 72.7 11 ±  63.6 6 ±  133 7 ±  100
Si 302320 ± 3 . 2 305917 ±  6.2 284628 ± 7.8 289240 ± 10
Nb 8 ±  75 11 ± 54.5 7 ±  71.4 9 ± 55.6
Fe 10694 ±  19.5 9389 ± 28.7 10386 ±  32.4 9364 ± 33.3
Ga 18 ±  16.7 15 ± 6.7 17 ±  118 17 ± 23.5
Al 39847 ±  3.9 38504 ±  4.1 41202 ±  5.1 37671 ± 7.2
F 16 ±  25 39 ± 71.8 30 ±  113 121 ±  69.4
C a 1594 ±  47 1034 ±  56.8 2832 ±  45.6 6415 ± 152
Mn 72 ±  54.2 38 ± 44.7 103 ± 35 54 ± 40 7
Li 3 ±  166.7 7 ± 57.1 12 ± 41.7 16 ± 18.8
Sr 64 ±  28.1 79 ± 26.6 129 ± 24.8 124 ± 19.4
Zn 12 ±  58.3 1 ± 300 25 ± 28 21 ± 42 9
Na 4761 ±  22.1 2450 ± 23.8 7788 ±  19 5649 ± 22.3
Figure 5.7. Typical whitewares from each of the four Sawankhalok compositional 
groups. The illustration for B celadon is from Green and Harper 1983: 17, ill.p594, 
as the actual samples of this group, typologically identical, are of fragmentary
sherds.
A celadon (upper) A underpainted (lower)
B celadon (upper) B underpainted (lower)
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The significance of the Sawankhalok elemental partitions: ethno-archaeological 
evidence
PIXE-PIGME analysis of the Sawankhalok glazed and painted wares has allowed 
the partitioning of the data set into four groups. The significance of these elemental 
partitions remains to be established. Interpretation of the significance of the PC A 
for the whiteware dataset is facilitated by comparison with the wares and practices 
of modem potters in the vicinity of the abandoned kilns at Sawankhalok. A small 
craft pottery production in the modem agricultural village of Ban Ko Noi has 
developed over the last fifteen years in the middle of the northern end of the 
historical Sawankhalok production centre. Initially assisted by Thai Ceramics 
Archaeological Project (TCAP) personnel the Ban Ko Noi potters have acquired 
the skills to emulate a range of historical Sawankhalok wares as a source of local 
revenue from sales to tourists. Using local clays and manual and electrically 
powered kick wheels, wares are fomied and decorated throughout the year as a part 
time activity. The Ban Ko Noi potters initially built cross-draft kilns that were 
small versions of the historical Sawankhalok kilns. Later they changed to more 
efficient updraught kiln design.The potters use bamboo as an easily replenishable 
fuel supply. Thus, the Ban Ko Noi potters have developed a knowledge of the 
useable sources of white clay in the region, augmented by ongoing experimentation 
with potential sources.
The area around Ban Ko Noi is composed of extensive river terraces skirted by 
limestone hilly tracts. The Ban Ko Noi potters have so far located only one major 
source of white clay at the large metamorphic outcrop known as Khao Sii Lan 
(White hills) 3.5 k to the east of the village. Only two clay sites at Khao Sii Lan 
have been found suitable for potting. The first, at the base of the hill, is used as an 
easily accessible bulk source of white clay for the body of vessels. This clay is 
perceived to be of lower quality than the second less accessible source at the top of 
the hill, a visibly cleaner source with less impurities and used exclusively as a 
constituent in the green ash glaze for celadons. The potters make regular trips to 
these sites and collect up to one tonne of clay each time. Gay stockpiles are kept 
near to each potter's home where batches are ground as needed in a mortar and 
pestle and then slaked in a large container of water for periods up to one month. 
Khao Sii Lan white clay lacks the plasticity of secondary clays also used by the 
Ban Ko Noi potters. Preliminary X-ray Diffraction results available at the time of 
writing indicated that the Khao Sii Lan clay is composed of a mixture of Kaolinite 
and mica in a proportion yet to be deterined. During early attempts to produce 
glazed and decorated wares solely with Khao Sii Lan clay the potters found that
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larger wares tended to crack and completely or partly collapse during firing (see 
Appendix 3: AUS 830). Following this phase of experimentation the Ban Ko Noi 
potters produced vessels with dimensions below this critical collapse/slump 
threshold. Most recently, the Ko Noi potters have started to improve in the handling 
characteristics of the Khao Sii Lan clay by adding a commercial potters clay 
purchased from Chiang Mai. The Chiang Mai clay is added to the Khao Sii Lan 
white clay in a ratio of about one part to five. Thus local knowledge provided two 
factors critical to the interpretative framework for the significance of compositional 
distinctions of Sawankhalok whitewares: the range of available white clay 
resources in the region is limited to a single location relatively close to the original 
kilns; and behavioural properties of the Khao Sii Lan clays limit the size of vessels 
when used alone. The next stage in developing the interpretative framework 
requires the ethnographic data to be linked back into the elemental dataset by 
including modem samples of both Ko Noi products and the clays employed (Jones 
1986: 50-53). With the assistance of one of the more experienced potters, samples 
from the Khao Sii Lan upper and lower white clay sites were collected in addition 
to other white clay samples from Khao Sii to the north of Ban Ko Noi, a site that 
some of the potters are experimenting with as an additive, and therefore possibly 
also used by the Sawankhalok potters. In addition to a range of white clays and 
additives, samples of four modem wares from the earlier experimental phases of 
production were collected for analysis. The clay from Chiang Mai was also 
included in the clay sample group.
Controlled experimental firing of Sawankhalok clays
The effect of prolonged heating on the composition of clays is a recognised source 
of elemental variation between clays and ceramics from the same source 
(Kilikoglou, et al. 1988). Identification of the elements affected by firing and the 
extent of alteration provides a measure of the contribution of firing to the elemental 
variation in the Sawankhalok whitewares and helps to distinguish this from other 
possible sources of variation. In a firing experiment designed to measure the 
chemical behaviour of Sawankhalok white clays pairs of unfired and fired clay 
samples are elementally characterised by PIXE-PIGME. For the experiment a 
selection of the clays where mixed with distilled water in a polythene bag, formed 
into a paste, oven dried overnight, and fired in an electric muffle furnace at 1100°
C for one hour (Figure 5.8.). Comparison of unfired with fired clays provides a 
measure of chemothermal behaviour rather than a replication of original firing 
regimes. Comparison of the PIXE PIGME results for the pre- and post-fired clay 
samples enables the identification of elements that are most sensitive to high
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temperature alteration. In a PCA of the pre- and post-fired clay analyses the overall 
loss of fluorine in the post-fired samples is systematic (Figure 5.9). Following 
removal of these elements little structure remains that can be related to firing. The 
experimental study successfully isolated the elements effected by firing.
Figure 5.8. The time-temperature trajectory of the experimental firing for the
Sawankhalok clay samples
Figure 5.9. Dispersion plot of component 1 and 3 from a PCA of the unfired and 
fired clays used by the Ban Ko Noi potters (object weights above, variable loadings 
below). Sample 584 is the Chiang Mai clay, 586 is a sample of red clay used for 
underglaze painted decoration and sample 587 is the 5:1 mixture of Khao Sii Lan 
white clay and Chiang Mai clay. Samples 605-6 are from Khao Sii to the north of 
Ban Ko Noi and a source not used for pottery production.
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Sawankhalok whiteware production: integrating the archaeological, ethno- 
archaeological and experimental data
PCA of the PIXE PIGME analysis of a combined clay and Sawankhalok fine ware 
dataset shows the Khao Sii Lan white clays generally correspond to the range of the 
Sawankhalok white wares (not shown), the two Khao Sii clay were extreme outliers 
indicating that this was not a clay source used by the Sawankhalok potters. The 
relationship of the unfired Khao Sii Lan clays to the archaeological ceramics could 
not be determined without the evidence of the thermal trajectory of these samples 
provided by the refiring experiment and the modem Ban Ko Noi ceramic samples. 
The summary of these resluts is provided by a CVA that includes all the 
Sawankhalok ceramic partitions and the unfired and fired clays (Figure 5.10). The 
separation of Sawankhalok fine wares into an Na-low and Na-high partition on the 
second variate reflects a systematic difference in the clay or clay treatment. In view 
of the similarity between the modem clay samples and the group B wares, only the 
group A wares appear to have been modified. The first variate describes the 
systematic shift in fluorine. The variate progressively describes a relationship 
between the unfired and fired clays, and then the underpainted and finally the 
celadon wares, that strongly suggests a thermal trajectory. The separation of the 
Sawankhalok whitewares along this variate is common to both the A and B groups, 
and indicates a relationship between ware type and temperature.
The high-Na partition (A) is composed of low-footed and pedestal bowls. 
Underpainted decoration includes stylised single flower heads at the centre of bowl 
floor surrounded by tendrils and leaves. The undercarved wares of the F-low (high 
temperature) stratum of this partition are decorated with deep carved vertical 
ribbing on the exteriors and curvilinear designs, overlapping leaves in bands, and 
single flower heads on the bowl floor. Undercarved bowls that have slumped from 
overfiring occur at the extreme of the high temperature end of the Na rich partition 
. Additional motifs in this substrate are fish, both on the floor of the bowl and on 
the interior walls.
The high temperature stratum of the low-Na partition (B) is almost entirely 
composed of typologically similar, undercarved monochrome green glazed wares. 
The vessels are decorated with lightly incised multiple lines either in vertical bands 
or cross hatched on the interior walls. The low temperature substrate includes both 
undercarved and underpainted wares and also includes underpainted lids for 
containers.
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Figure 5.10: Dispersion plot of the first two canonical scores for Sawankhalok trade 
wares, modern Ban Ko Noi ceramics and Khao Sii Lan clays.
A A high temp.
A A low temp.
■ B high temp.
■ B low temp.
♦ Modern
• Clay raw
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The PCA of the Sawankhalok finewares has isolated two distinct dimensions of the 
chemical variability inherent in the group. The first is variation in clay or treatment, 
the second is variation in firing temperature. The chemical data indicates that two 
pairs of groups are present in the Sawankhalok fine wares distinguished principally 
by sodium. This is significant in terms of the ceramic technology employed for the 
phase A wares as sodium is a flux and would assist in melting a short clay at lower 
temperatures. It may be surmised that sodium was introduced, as a constituent of a 
mineral like plagioclase felspar, to modify the behaviour of the clay. The numerous 
ancient examples of fineware wasters that are slumped and melted rather than 
cracked further suggests the firing behaviour of Khao Sii Lan white clay was 
modified by the addition of a flux. Mineralogical analysis was used in an attempt to 
check or confirm this hypothesis.
SEM analysis of Sawankhalok whiteware bowls
The results of the PIXE-PIGME analysis for the Sawankhalok whiteware subset 
indicate that two primary groupings exist in the dataset. To assist with the 
interpretation of these results scanning electron microscopy (SEM) was carried out 
on a selection of prepared sub samples. SEM was selected to assess the mineralogy 
of the samples because it is a microanalytical technique suited to the small size of 
the available samples. These were obtained from the remaining primary samples 
and prepared from a cross-section that was polished and carbon coated. An 
example from each of the primary groups as well as from the low and high
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temperature strata was examined using secondary electron and backscattered 
electron imaging. Backscattering is particularly useful for identifying small grain 
fragments of a distinctive atomic weight. The composition of individual grains 
could then be determined semi qualitatively with an EDAX energy dispersive 
detector attached to the SEM.
The mineralogy of a sample from each partition were assessed by SEM EDAX 
analysis and included samples from the high and low temperature Na modified 
partitions(411, 392), and samples from the high and low temperature unmodified 
wares (671, 672). All samples examined were found to be largely free of accessory 
minerals with the exception of rounded grains of quartz and a restricted range of 
minerals present as small grains of zircon and titanium. Sample 411 also included 
some zircon-caesium minerals and sample 392 contained a single grain of platinum. 
The SEM examination of the four type samples for the Sawankhalok white ware 
subset provides a measure of mineralogical support for the chemical distinctions. 
The presence of unique minerals, zircon-caesium in the example from the high-fired 
Na rich group (411), suggests an additive rather than subtractive process was used 
for the clay of this fabric.
Independent resource-based production: Kalong whitewares
A second and roughly contemporary glazed and decorated whiteware production 
occurred at a series of kiln complexes established in the Kalong Valley, north of 
Chiang Mai (Figure 5.12). The highly distinctive products of these kilns have not 
been found outside of the northwestern region of Thailand. The dataset 
incorporates a wide range of Kalong underpainted and green glazed wares from ten 
known production sites in the Kalong region, in addition to wares of collected at 
Kalong but without site attributions (c.f., Shaw 1989: 36-59; Appendix 1). Each 
production site is typically represented by five samples.
Analysis of the dataset was undertaken to establish latent structure to assess 
whether a site or group of production sites could be chemically distinguished. PCA 
of the PIXE-PIGME results indicated that while the dataset was structured with 
over 50% variance accounted for on the first three components, the products of 
each centre could not readily be distinguished with the possible exception of wares 
from Wang Nua (Figure 5.11). A general trend is evident from wares with high to 
low silica content with a corresponding increase in other elements and the Wang 
Nua samples are consistently higher in Sii than samples from the remaining 
production centres. However, two samples from San Makhet also occupy this
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region of the dispersion plot. The trend suggests that the high silica was primarily a 
result of a relative abundance of quartz sand diluting the other elements of the 
fabric (Table 5.4.). Thus little structure in the Kalong dataset can be related to 
specific production centres. At least one sample from each production centre comes 
close to the centroid of the dispersion plot suggesting that any distinctions that 
could be made for Wang Nua fabrics would be blurred by further sampling. I 
conclude that the proliferation of production centres that form the Kalong complex 
is not related to local competition for better clay sources.
Figure 5.11. Kalong, northern Thailand, whiteware analysis: dispersion plot of first 
and second components with scores for whitewares (upper) from ten production sites 
and corresponding variable eigen loadings (lower)
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Figure 5.12. Map of the ancient kiln sites in the Kalong Valley region, northern 
Thailand (source: Shaw 1989)
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Table 5.4. Elemental averages for glazed whitewares from ten production sites in the 
Kalong region, northern Thailand. The order of elements follows their eigenloadings 
on the first principal component from negative to positive; the order of sites follows 
the relative concentration of Sii as the most strongly loaded single element on the 
first principal component from greatest to least.
1 2 3 4 5
W an g  N u a S a n  M a k h e t P a  M u a t P on g  P a P a o
A vg. % S tdev . Avg. % S td ev . A vg. % S td ev . A vg. % S td ev . A vg. % S td ev .
Si 3 24 8 0 0  ± 6 311985  ± 13 3 04 9 5 9  ± 3 2 93 7 5 7  ± 9 2 9 3 4 8 9  ± 3
Li 23 ± 17 15 ± 4 9 17 ± 54 12 ± 53 7 ± 92
C a 1161 ± 76 651 ± 31 951 ± 20 1183 ± 63 1353 ± 54
M n 75  ± 49 73  ± 42 51 ± 17 83  ± 66 61 ± 30
Zn 34 ± 20 22 ± 24 25  ± 33 4 2  ± 96 22  ± 30
F 18 ± 81 18 ± 75 15 ± 48 14 ± 37 15 ± 60
Fe 862 7  ± 13 555 9  ± 17 729 6  ± 7 7 9 2 0  ± 34 7 492  ± 15
N b 14 ± 10 17 ± 15 16 ± 21 17 ± 12 13 ± 20
N a 4 13  ± 12 576  ± 47 843 ± 73 6 66  ± 21 7 3 0  ± 37
T h 16 ± 21 16 ± 21 15 ± 16 18 ± 28 16 ± 22
Ti 4 88 8  ± 6 5497  ± 4 554 0  ± 6 5 739  ± 9 4 68 5  ± 12
S r 30  ± 13 33 ± 25 43  ± 50 35 ± 11 38  ± 18
K 10758 ± 11 8 308  ± 31 905 4  ± 50 9 93 7  ± 16 8 3 1 0  ± 23
G a 11 ± 22 14 ± 30 15 ± 30 18 ± 24 18 ± 18
A1 287 4 2  ± 6 33484  ± 19 361 4 9  ± 7 3 5 8 7 8  ± 20 4 0 3 2 3  ± 13
R b 120 ± 13 88  ± 25 91 ± 42 106 ± 10 121 ± 31
V 154 ± 11 165 ± 19 198 ± 17 205  ± 10 152 ± 13
6 7 8 9 10
P a  D ong T h u n  M a m P a  O r T h u n  g H u a P a y o o m
Avg. % S tdev . Avg. % S td ev . Avg. % S td ev . A vg. % S td ev . A vg. % S td ev .
Si 2 92614  ± 3 2 89293  ± 4 286 7 8 3  ± 7 2 7 7 0 5 9  ± 9 276791  ± 7
Li 16 ± 46 9 ± 70 17 ± 12 8 ± 64 15 ± 37
C a 850  ± 39 1729 ± 95 1029 ± 47 1463 ± 129 1463 ± 65
M n 38 ± 36 88  ± 62 52  ± 28 64  ± 56 74  ± 18
Zn 21 ± 20 20  ± 38 18 ± 82 22  ± 27 26  ± 13
F 10 ± 21 20  ± 81 17 ± 57 15 ± 72 23  ± 78
Fe 638 5  ± 9 7 70 9  ± 36 7073  ± 23 7 82 0  ± 8 848 2  ± 13
N b 15 ± 57 18 ± 31 17 ± 25 12 ± 11 18 ± 9
N a 371 ± 45 9 80  ± 69 515 ± 40 853  ± 43 801 ± 33
T h 10 ± 59 19 ± 21 12 ± 16 16 ± 15 21 ± 30
Ti 632 5  ± 10 615 7  ± 26 522 9  ± 11 4 8 1 2  ± 7 6 25 5  ± 12
S r 4 0  ± 19 40  ± 25 33 ± 11 43  ± 31 4 9  ± 16
K 6985  ± 10 9217  ± 19 8855  ± 14 7 2 5 0  ± 10 11366  ± 19
G a 16 ± 10 19 ± 9 14 ± 20 15 ± 17 19 ± 20
A1 37126  ± 9 39981 ± 7 368 6 0  ± 13 4 0 2 3 5  ± 13 4 3 0 1 9  ± 6
R b 75  ± 15 106 ± 23 104 ± 18 91 ± 19 129 ± 16
V 2 00  ± 15 213  ± 13 174 ± 8 167 ± 14 2 16  ± 17
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Comparison of Kalong and "Kalong" wares
Comparison with the elemental characteristics of four samples of ceramics from the 
Kalong valley was carried out as the four wares represent new types for Kalong but 
are claimed to belong to the period of historical production. The possibility that 
these wares are forgeries provided an opportunity to test the relative homogeneity 
of the Kalong wares as an historical group. The test group includes two high-fired 
stonewares with dark brown to black underglaze decoration: a fragmentary model 
of a chicken (AUS-837) and a body fragment of a large jar with floral underpainted 
decoration (AUS-838); and two chemical glazed fragments: the hollow body of a 
small bird with green to blue glaze (AUS-839) and a fragment of ware with raised 
and stamped decoration covered with a similar glaze (AUS-840). The new wares 
combine high temperature glazes as well as chemical glazes on the same sherd. The 
potential significance of chemical glaze production in northern Thailand is that it 
suggests Burmese influence in craft production that would correlate with the period 
of Bumiese occupation of the region from the mid 17th century AD (Wyatt 1984;
Di Crocco 1985). Large quantities of these wares were reported in the region both 
as fragments and complete vessels apparently derived from the looting of a series of 
local monuments previously unsuspected of containing ceramics. While unusual, 
the sudden appearance of new types of wares parallels the appearance of ceramics 
from looting in upland areas and for this reason has been treated as potentially 
authentic.
Figure 5.13 is a dispersion plot of the first two principal components (accounting 
for 44 % of overall variation in the dataset) for a PIXE-PIGME analyses for the 
fabric of Kalong white wares and of the Kalong test group. The numbered black 
circles represent the four new samples. A separation between the two groups 
reflects higher overall proportion of accessory minerals in the test samples 
compared to the distribution of the historical Kalong wares between quartz, and 
titanium and vanadium. The systematic difference suggests that the test group as a 
whole comes from a different clay source outside of the Kalong region. By itself 
this observation only confirms that the fabrics of the test wares are unusual for 
Kalong wares as already known from their style. More indicative of the anomalous, 
and possibly modem, manufacture for the test group is a comparison of glaze 
compositions discussed later in this chapter.
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Figure 5.13. Dispersion plot of component 1 and 2 for Kalong whitewares comparing 
the composition of the master dataset with four samples of a "new” type reported to 
come from the same area with object scores (upper), and variable loadings (lower).
Note the distance between the historical group and the "new wares" and the 
corresponding dispersion of elements indicates that the composition of "new wares" 
is systematically lower in Silica (e.g., quartz grains) than the historical group.
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Phan whitewares
Kilns in the vicinity of Phan, Chinagrai Province produced green glazed 
monochrome stonewares that resemble Sawankhalok celadons in decoration and 
fabric. Because of similarity between the wares and kiln technology of Phan and 
Sawankhalok it has been suggested that Phan is most likely to have been founded 
by actual Sawankhalok potters (Brown 1988: 89). As discussed at the end of this 
chapter the connection is significant in light of the evidence of conscious 
modification of refractory white clays by the Sawankhalok potters. While 
elementally similar to the Ban Kruat whitewares (discussed below) the Phan fabrics 
are glassy and dense (Figure 5.14).
Figure 5.14. Dispersion plot of component 1 and 2 for whitewares from Ban Kruat, 
Kalong, Sawankhalok and Phan. Note the similarity between the Ban Kruat and
Phan wares.
■ Ban Kruat + Kalong o Sawankhalok û Phan
'Killen'
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Khmer green glazed "Kulen" wasters from Ban Kruat
The Chiang Mai Ceramic Research Centre supplied ten glazed samples from the 
Khmer production complex at Ban Kruat for analysis. Five of the samples are of 
the "Kulen" green glazed type and five are brown glazed wares. Chemical 
analysis of the sample fabrics show that the brown glazed and green glazed wares 
are distinct. The five green glazed samples have similar finish and fabric with a 
hard, porous texture and few mineral inclusions evident apart from abundant 
rounded quartz grains. The green glazed wares are particularly high in Sii and 
low in other elements with little intra sample variation while the brown glazed 
wares are lower in Sii and greater variation in the other elements. The ash glaze 
on the Ban Kruat white wares suggests that the temperature range achieved was at 
least 1200-1260°C (eg., Lawrence and West, 1982: 113-131). But Scanning 
Electron Microscopy of freshly broken surfaces of the five Kulen samples shows 
that they range from extensively vitrified to discontinuously vitrified textures 
with abundant elongated and oriented pores (Figure 5.15). The nature of the pores 
suggests that the fractures appeared during firing. These may relate to stresses in 
forming or from the forced expansion of the fabric through the change in quartz 
grains to a larger high temperature form at around 575° C.
Figure 5.15 Scanning electron 
micrographs of Kulen glazed 
whitewares showing the 
microstructure of fabrics at 
progressively higher magnifications 
(counterclockwise from left). Note the 
continuously vitrified matrix and the 
enveloped still- intact oriented and 
elongated pores (black and white bars 
equal 0.1 mm divisions).
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Sukhothai wares
A preliminary PCA of the complete dataset of Sukhothai wares provides a 
description of the overall elemental structure. In Figure 5.16, the dispersion plot of 
the object loadings on the first and second components, glazed stoneware 
compositions are distinct from both the earthenware and unglazed wares. The table 
of average values for each group, with elements ordered according to position on 
the first component, shows that the glazed ware compositions have higher 
concentrations of K and Sii relative to the other wares (Table 5.5). Both 
earthenwares and unglazed "stonewares" are characterised by relatively high 
fluorine (F). For the Sawankhalok clays this element is a temperature thermometer. 
For the Sukhothai wares F also tends to be present in proportionally higher 
amounts in lower temperature earthenwares and unglazed stonewares than in the 
higher temperature decorated wares. The greater spread of the earthenware and 
unglazed stoneware groups, the overlap between the two groups, and the range of 
elements involved in distinguishing earthenware-and unglazed stoneware 
compositions indicates they are composed of more heterogeneous fabrics compared 
to the glazed stonewares. The distinction between glazed and unglazed wares may 
reflect differences in processing practices as well as differences between clay 
sources. The location of the kiln production areas at Sukhothai in a broad alluvial 
plain without much geological diversity further supports a likely technological 
function for the compositional classes of Sukhothai ware.
To determine possible structure in the decorated ware a second PCA was carried 
out on this stoneware subset (Figure 5.17). While the spread of analyses represents 
a real distribution (i.e. overall standard deviation is greater than that measured for 
the standard), no clear subdivisions are evident. It appears that distinct types of 
decorated ware are represented at either end of the first component. Samples with 
the highest positive loadings on the first component include AUS 645, 801,631, 
651, and 701. All are from relatively fine bowl fragments with well executed 
underpainted decoration in strong brown to black.
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Figure 5.16. The complete Sukhothai dataset: dispersion plot of the object scores for 
the first and second principal components, accounting for fifty nine percent of
overall variability
♦  "stonew are”  •  "earth en w are"  •  unglazed "stonew are"
Table 5.5. elemental averages for Sukhothai glazed and unglazed stonewares and 
earthenwares. The order of elements are arranged according to their eigenloadings 
on the first principal component from negative to positive.
Painted stoneware Unglazed stoneware Earthenware
Average %Std Average %Std Average %Std
Rb 125.1 9.7 111.3 14.1 105.1 20.1
Ga 15 19.8 12.4 22.3 10.1 40.6
K 15167.2 11.3 10586.7 20.5 11281 7.6
V 175.1 12.3 163.3 17.2 139 22.4
A1 38601.8 8 38028.9 8.3 37761.2 16.2
Ti 4931.3 5.9 4810.7 14.8 4801.6 11.2
Sii 305271.3 4.7 297119.6 4.4 282917.7 7.9
Nb 10 53.1 11.1 54.4 8 75.5
Li 16.3 31.4 20.1 27.1 15.4 40.3
Th 13.2 73 19.5 54.2 16.9 111.8
Zn 24.1 17.6 39.3 18.1 41.9 22.8
Fe 19632.9 16.5 29667.7 20.6 31032 24.3
F 18.5 69.2 60.3 107.3 126.1 62.9
Sr 56.8 16.1 68.2 29.8 91.2 45.9
Mn 236.7 41.4 653.4 50.8 608.8 43.5
Na 2059 25.4 3839 39.5 3370.4 25.7
Ca 1219.8 43.7 3260.1 45.4 3840.4 45.5
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Figure 5.17. The Sukhothai glazed ware subset: dispersion plot of the object scores 
(upper) and variable loadings (lower/, on the first and second principal components, 
accounting for forty six percent of overall variability
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Samples with high negative loadings on the first component include a range of more 
heavily potted bowls with underpainted fish motifs (e.g. AUS 395,403, 390) and 
this type extends into the central partition . The underpainted brown decoration of 
wares in this area of the dispersion plot tends to be more 'washed out' and milky 
looking. Of note are the location of five of sherds in the negative end of the first 
component (AUS 792, 793, 774) and in the central partition (AUS 787, 797) 
collected from upland Region 5. The following chapter will detail the significance 
of these fabrics and associations.
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Comparison of Sukhothai and Sawankhalok finewares
In a PCA of the combined Sukhothai and Sawankhalok decorated wares the 
separation between the wares of the two production centres is clearly indicated 
(Figure 5.18). The Sawankhalok wares have been partitioned into unmodified 
(Sawankhalok B), and modified wares (Sawankhalok A). The greater spread of 
fabric-modified wares can be used to suggest potter variation in the amount of 
sodium rich minerals added to the clay between individual batches. Conversely the 
more compact distribution of Sawankhalok B wares indicates homogeneity in the 
unmodified primary or metamorphic white clay source. The decorated Sukhothai 
wares parallel the spread of the fabric-modified Sawankhalok wares. While the 
clays used for the Sukhothai wares would have required some processing the 
variation evident on the second component is likely to reflect variability inherent in 
the secondary clay beds used as well as differences in processing techniques. At the 
scale of an inter-production site comparison three groups are tentatively recognised 
in the Sukhothai dataset that range from manganese to titanium-rich compositions. 
The majority of the Sukhothai samples appear to belong to an intermediate 
compositional range. The two sub groups are at either extreme of the main group of 
wares. The magnesium-rich sub group is composed of samples 660, 403, 613, 663, 
395, 632, 646, 390, and 647. The titanium-rich group includes samples 801, 701, 
645, and 651. The manganese-rich group tend to be fabrics with more mineral 
inclusions and less careful decoration, while the smaller titanium rich group is 
composed of finer fabrics with distinctive and well finished decoration.
Figure 5.18. Sukhothai decorated wares compared to Sawankhalok decorated wares: 
dispersion plot of the object scores on the first and second principal components, 
accounting for forty seven percent of overall variability
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From the small number of fine decorated fragments available for analysis it is as 
yet not possible to establish whether the composition of samples AUS 645, 801 etc. 
represent a separate compositional and decorative group in the Sukhothai glazed 
ware corpus. The two sub-groups may equally reflect chronological, workshop or 
non-systematic distinctions. In light of the apparent correlation between decoration, 
form and composition, the possibility that such wares can be chronologically 
distinguished on the basis of fabric composition requires further detailed analysis of 
a larger sample.
A shorter period of production of the Sukhothai kilns relative to the Sawankhalok 
kilns has been assumed based on the small number of kilns preserved at the site, the 
lack of variation in cross-draft design of the preserved kilns, lower production rates 
determined by comparisons in quantities of wasters produced, and ware 
associations primarily based on shipwreck data (Barbetti and Hein 1988; Brown 
1988; Green 1987; Green 1990). The available dates for the Sukhothai kilns 
indicate that they operated in the fifteenth century contemporary with the 
production of the Phase B Sawankhalok celadon and painted trade wares. This 
view may have to be revised in light of the association of Sukhothai decorated 
wares with late Sawankhalok celadons at the upland burial site in Umphang 
Province outlined in the following chapter.
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Specialist production in northern and central Lao PDR
Two ceramic production complexes have been systematically investigated in Lao 
PDR, both located close to historic urban centres on the Mekong River. The first is 
a complex on the southern outskirts of the capital Vientiane, in central Lao, the 
second is located about twenty kilometres north of Luang Prabung in northern Lao, 
at the modem village of Ban Xang Hai. The complexes at both sites are large. The 
Vientiane kiln remains extend over a 500 meter square area, and at Ban Xang Hai, 
remains of kilns and pottery are spread along the east bank of the Mekong for 
almost a kilometre. Dated to the 15th century neither complex is as extensive as the 
Kalong region kilns or as technically developed as Sawankhalok or Sukhothai.
PCA analysis of samples from the 15th century production site at Vientiane can be 
separated into two stoneware types (VSW a  and (3), with two pairs of earthenware 
outliers possibly further distinct types. Discrete groups were evident on the 3 and 4 
components representing only 20% of the overall data variation; the separation, 
while systematic, is small relative to the overall variation of this dataset (Figure 
5.19). A range of shapes and decorative treatments are represented in both 
stoneware groups. VSW p is comprised of fabrics with high manganese and iron; a  
includes a local variant of green glazed whitewares. Note that the position of the 
earthenware pairs is determined by high fluorine, indicating that the distinction 
between earthenwares and stonewares is likely to be at least partly related to firing 
temperature.
Figure 5.19. Sisattannak kilns, Vientiane, Lao PDR. Dispersion plot of component 3 
and 4 (20% of overall data variation) with elemental partitions tagged.
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From the PCA of the Ban Xang Hai dataset two groups can also be distinguished.
The majority of wares in the first group are unglazed jars, but it also includes
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architectural fittings and a kiln support.The second group (BXH (3) is 
predominantly composed of bowls in a range of types. BXH (3 also includes a type 
of kendi (earthenware "teapot") commonly found at the site. Within the group are a 
large group of glazed bowls typed as "Mon" or "Northern Thai" and have been 
tagged separately. Other attributed wares of the BXH (3 group include Vietnamese 
and Burmese glazed bowls. Thus the BXH (3 group appears to be primarily 
composed of non-local fabrics. The presence of imported glazed bowls and kendi 
suggests that the settlement at Ban Xiang Hai was reliant on the specialised 
products of other centres.
Figure 5.20. Ban Xang Hai kiln complex, Luang Prabung, Lao PDR. Dispersion plot 
of component 1 and 2 (53% of overall data variation) with elemental partitions
tagged.
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Similarities in the fabric and surface finish between the pipes and green glazed 
wares at Vientiane suggest that pipes were made locally. A range of pipes found at 
Ban Xiang Hai are comparable to the pipes found at Vientiane. Having defined 
elementally discrete groups for both sites a PCA of the combined Ban Xang Hai 
and Vientiane analyses, retaining the original partition tags, enables intersite 
comparison (Figure 5.21). Note that the systematic character of the partition for 
VSW a  and p is now swamped by the elemental contrast with BXH wares. This 
indicates that the scale of differences for VSW a  and p is small compared to 
intersite differences and is a possible indication of modification of the same clay 
source rather than the use of separate sources for the Vientiane wares. The 
excavators considered the Vientiane wares to be from a single clay:
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Most of the grey stonewares had a fine, dense fabric. In general, only one kind of clay 
was used, and about five percent of finely crushed quartz was added as a temper. Some 
small particles of laterite were observed in the fired ceramics, but they were probably 
present in the natural clay (Hein, et al. 1992: 48)
The higher manganese and iron of VSW (3 is commensurate with the presence of 
iron manganese inclusions typical of the lateritic clays of the region. From the 
postulate of a common clay source the elemental partition reflects a difference in 
mineral impurities with manganese-rich impurities removed from the VSW a  
fabrics. Other features of note are the two outliers (pipes collected at Ban Xang Hai 
of distinctive moulded manufacture), beyond the Ban Xang Hai-Vientiane- 
"northem Thai" compositional range; two small earthenware bowls, tagged as 
VSW {3 samples, that fall within the BXH [3 range. The elemental similarity 
suggests an upriver BXH origin for these fabrics although they are unlikely 
tradewares.
Figure 5.21. Sisattannak and Ban Xang Hai wares combined. Dispersion plot of 
component 1 and 2 (46% of overall data variation) with elemental partitions tagged.
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Elemental analysis of Burmese ceramic fabrics and glazes
So far the analyses have been of ceramics from production sites in Thailand and 
Lao PDR. In this section the samples are from settlement areas in Burma and the 
objective of analysis is to determine meaningful partitions in this dataset. The 
sample consists of one hundred fifty seven pottery and architectural ceramics 
collected during two seasons of archaeological survey in Burma, at Pegu and 
Lagumbyee in Central Burma and Pagan in Upper Bumia (Hein et al., in prep.). 
PIXE-PIGME analysis of the samples and the Principal Components results
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indicates that the dataset contains substantial structure on both the first, second and 
third components. Figure 5.22, a dispersion plot of the first against the second 
component of the samples (accounting for sixty four percent of the overall 
variation), is comparable in scale and extent to the PCA results for the parent 
dataset of Southeast Asian ceramic analyses from which the Burmese data was 
extracted. This in large part reflects the contribution of the distinct geology of the 
widely separated sites to the chemistry of the ceramic fabrics.
The PCA description of the Burmese fabric data shows that the dataset can be 
separated into wares with a composition unique to Pagan (Pagan i), and wares that 
are bi modally distributed ([Pagan ii, Pegu ii]- [Pagan iii, Pegu iii]). A further 
distinction is possible for a partition of wares at the conjunction of the two (Pegu i), 
although the cut off for this group at the zero point of the First Principal 
Component is somewhat arbitrary. The identification of Pagan ii as a separate 
group is based on the clear separation between it and Pagan A. However, Pagan ii 
may be an artefact of the limited sample. Stylistically one of the four samples in the 
main partition of Pagan ii is comparable to the most positively weighted member on 
the first component of the Pagan i group. A distinction is evident between the 
majority of samples from Pegu and Lagumbyee, and a group from Pagan (Pagan i). 
This group is almost entirely composed of temple plaques and tiles. A small 
number of Pagan samples (Pagan iii), occur in the part of the dispersion plot 
dominated by Pegu samples (Pegu iii). Note that most of the Pagan samples in this 
section are green glazed roof tile fragments from the area of the Hman Zedi temple 
while the chemically comparable Pegu samples are vessel fragments either without 
glaze, or with green, white or dark brown glaze.
Wares from Lagumbyee range between the Pegu i and Pegu iii/Pagan iii group. 
Both Pagan and Pegu iii compositions are intermingled suggesting that they come 
from the same or geologically similar clay sources. The variable loadings for the 
first two components allows interpretation of the overall distinction between the 
groups as due to high concentrations of Sii for negatively loaded groups on the first 
component (possibly reflecting a composition with higher quartz sand), and 
elements more characteristic of refractory clays (Al, V, Ti) for negatively loaded 
groups on the second component. Positively loaded elements on the second 
component are fluxes (Na, K, Ca), or associated trace elements (Sr for Na), and 
intermediate loadings on the positive side of both the first and second components 
include Fe, a principal clay colorant, and F, a heat sensitive element.
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Figure 5.22: Dispersion plot of the first and second principal components, 
accounting for sixty four percent of the overall variation in the Burmese sample 
data. Object scores above; elemental loadings below.
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Glaze analysis
The composition of glazes used in the specialised production of stonewares 
provides important additional data regarding differences between the specialised 
production in the region (Appendix 1 and 2). The glaze compositions can be 
divided into high temperature glazes used with stonewares and the low temperature 
chemical glazes used for earthenwares. With few exceptions the chemical glazes 
are only associated with Burmese fabrics and the origins of some of the glaze 
components employed is later discussed. The lead and copper compounds in 
particular, are likely items of trade between sources of lead ore and pottery 
production sites.
PIXE-PIGME analysis of the glazes involves a procedure where the sample is 
mounted on a "volcano", a nickel plate with a raised conical section with a 3 mm 
diameter aperture. The sample is held in place over the aperture with wire. Like the 
pressed stubs used for fabric analysis up to sixty samples can be mounted for 
analysis in a single run. The advantage of this preparation method is that it 
provides a means to analyse the surface of thin samples. A disadvantage is that 
surface topography and contamination are a potential source of error for 
quantitative analysis by PIXE-PIGME and render inter comparison of results less 
reliable. In many cases glaze samples were excluded from analysis if they were 
excessively rough, or contained visible contaminants on or near to the surface. The 
selection process was rigorous in an attempt to maintain inter- comparability 
between the samples. Thirty elements are used to semi-quantitatively characterise 
samples of high-fired reduction glazes from Thailand, Burma and Laos as well as 
low fired chemical glazes specific to Burma. These included the remains of glazes 
from kiln surfaces at Pagan, beads and glass found in the vicinity; and iv) glazed 
architectural fragments from Pagan.
A PCA of the dataset (Figure 5.23), indicates that the composition of the glass and 
beads is distinct from the remainder of the sample on the second component, with 
particularly high K and Cr and low Al. AUS 130, a yellow coloured bead fragment, 
is an exception in the bead group and separated along the first component with 
higher levels of Sn, Pb, and associated elements. The kiln glazes tend to fall in the 
area of the high temperature reduction pottery glazes, with the exception of AUS 
107, an outlier on the positive first component with the highest levels of Sn, Pb, and 
associated elements. The architectural glazes are within the overall range for low 
temperature chemical pottery glazes.
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Figure 5.23. PCA analysis of the combined glaze dataset: dispersion plot of the first 
and second components accounting for fifty percent of overall variation. Object 
scores above; elemental loadings below.
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Reduction glazes
The results of the PCA indicate that bead glass compositions are beyond the range 
for ceramic glaze samples. With the exception of AUS 107, the kiln samples are 
consistent with high temperature reduction compositions but, as they are likely to 
reflect the accumulated affect of repeated firings over a prolonged period, it is 
doubtful that comparisons with the products of 'one-off firings are valid. In a re­
iterative PCA procedure to remove successive outliers, the high temperature 
reduction glazes were partitioned into three base groups (Figure 5.24; Table 5.6). 
Rather than describing locality-specific compositions the three groups represent 
different types of reduction glaze. Group A are alumino-silicate based glazes, 
Group B are relatively pure high temperature celadon glazes; and Group C are 
brown glazes coloured with nickel-manganese compounds.
Figure 5.24. Dispersion plot of component 1 and 2 for high temperature reduction 
glazes with objects (above) partitioned into three groups, and corresponding
variable loadings (below)
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Table 5.6. The average and % standard deviation for the three groups of high 
temperature reduction glaze samples. The order of elements are arranged according 
to their eigen loadings on the first principal component from left to right.
(p p m ) A % Stdev . B % S td ev . c % S td ev .
C 28 ± 3 6 0 - - 127 ± 3 1 0
N i 52 ± 141 42 ± 153 2 0 0 ± 2 2 8
M n 1095 100 1123 ± 94 2961 ± 244
Z n 45 ± 98 97 ± 160 1203 ± 4 0 6
B r 4 ± 36 0 - - 9 ±  2 2 9
N a 1188 ± 99 7567 ± 71 2 3 6 9 ±  2 52
C o 52 ± 107 9 ± 205 49 ±  170
Sn - - 5 ± 299 2 ± 4 2 2
A s 24 ± 118 3 ± 163 18 ± 163
C u 107 ± 73 53 ± 57 68 ± 85
S 223 ± 99 37 ± 3 0 0 116 ± 126
H g 2 ± 359 - - - -
L i 53 ± 65 54 ± 58 30 ± 101
Pb 84 ± 114 58 ± 190 32 ± 198
F e 18050 ±  104 11805 ± 38 7 7 1 8 ± 86
T h 15 ± 137 11 ± 2 2 0 4 ± 3 5 0
C r 330 ± 72 116 ± 50 127 ± 40
K 15402 ± 29 28995 ± 36 8127 ± 58
F 768 ± 136 34 ± 47 168 ± 173
S r 603 ± 65 62 0 ± 29 20 9 ± 57
C a 92854 ± 32 755 2 0 ± 22 3 9 0 2 4 ± 42
R b 135 ± 35 185 ± 43 46 ± 94
Z r 234 ± 37 67 ± 108 64 ± 48
T i 3817 ± 34 249 ± 101 1045 ± 56
Y 24 ± 57 16 ± 112 4 ±  138
V 129 ± 39 3 ± 29 9 22 ± 124
B a 888 ± 58 42 0 ± 136 190 ±  122
Si 2 7 4 2 0 0 ± 13 282949 ± 5 103694 ±  15
Al 38026 ± 12 382 9 0 ± 6 11444 ± 21
Chemical glazes
With the exception of a small number of glazes from Kalong the chemical glazes of 
the study are from Burmese wares. The large distances separating the sample 
sources (i.e. Pagan, Pegu and Lagumbyee) enable a number of valuable inferences 
to be drawn regarding the fabric partitions and inter-regional exchange. In this 
section the composition of glazes from a selection of the Burmese wares are used to 
elucidate these relationships. An important basic result of the analysis of the 
Burmese chemical glazes is the strong correlation between sulphur and lead 
(0.977061), that confirms the use of lead sulphide ore (Galena) as a major glaze 
ingredient for the lead-based glaze compounds. While Galena as an ingredient of 
Bumiese chemical glazes has been assumed (Yamasaki et al., 1989), it has never 
before been demonstrated elementally. Figure 5.25 plots lead (Pb) against sulphur 
(S) and indicates two distinct ranges for lead glaze compositions. Note samples 
with zero S concentrations are below the detection threshold for S.
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Lead-based glazes with tin form a major chemical group in the sample. The weak 
correlation between tin (Sn) and lead (Pb) (0.504624), can be understood in terms 
of the distinctive distribution of Sn rich samples with a circular cluster (Figure 
5.26). The concentrations of Sn between 10000 and 68000 ppm, suggests that this 
glaze component is an additive with an effective threshold. Sn concentrations less 
than -1000 ppm appear to be well below this threshold and are likely to be present 
as contaminants rather than conscious additives.
Figure 5.25 Correlation between S and PbL (sorted from least to most PbL)
Correlation 0.977061
AUS Sulphur(S) Lead (Pb)
140 232.5 0.01
162 0.01 50.4
144 413.1 96.7
154 0.01 281.1
583 0.01 468.7
188 275.2 927
142 0.01 1098.2
191 1065.1 1426.4
193 237.6 1657.9
182 244.9 2058.7
171 11402.4 62912.8
169 11884.5 68629.4
119 14220.3 81063.9
218 19430.3 87887.1
122 17802.8 88275.6
197 24160.9 102173.4
184 23029.8 118747.3
173 24445.4 127339
137 32546.9 150236.7
139 37516.3 158128.3
136 26572.4 162754
121 27193.6 184937.9
178 36235 189094.4
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Table 5.26. Correlation between PbL and Sn (sorted from least to most Sn)
Correlation 0.504624
AUS Lead (Pb) Tin (Sn)
142 1098.2 0.01
144 96.7 0.01
162 50.4 0.01
182 2058.7 0.01
188 927 0.01
193 1657.9 0.01
191 1426.4 53.5
583 468.7 83.7
154 281.1 749
122 88275.6 10608.5
139 158128.3 11493.9
132 0.01 16474.2
137 150236.7 16683
218 87887.1 18715.2
119 81063.9 21365.5
171 62912.8 21579
178 189094.4 21777.2
136 162754 29999.1
197 102173.4 30759.5
121 184937.9 30837.6
169 68629.4 33815.6
184 118747.3 36565.5
173 127339 67842.7
I 100 10000 1000000
PbL
To move from general observations to more specific features of the chemical glaze 
dataset requires the removal of outliers that otherwise dominate the overall PCA 
structure of the group. In Figure 5.27, the dispersion plot of the first and second 
components from the PCA of the glazes with the bead data removed, the first 
component describes the difference between the main group of chemical glazes in 
respect to two outliers (AUS 114 and 107). The corresponding variable dispersion 
plot shows that the cluster of samples is being compressed by the high concentrations 
of metals and associated trace elements present in these outliers. The most extreme 
outlier AUS 114, contains more than twice the concentrations of lead and tin of other 
samples in the group. A fragment of green glazed sandstone from Pagan, the
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unusual glaze composition and glaze-sandstone combination of AUS 114 suggests 
that it belongs to a technological tradition outside of the ceramic glazes in the 
group. AUS 107, a fragment of green kiln slag, contains over twice the 
concentration of mercury and copper.
Figure 5.27. Dispersion plot of component 1 and 2 for the glaze data with the bead 
analyses removed. Object scores above; elemental loadings below.
Analysis of a subset of the Burmese glazes, with the kiln samples AUS 107, 99 (an 
outlier on component three of the preceding analysis), and architectural sample 
AUS 114 removed provides an expanded description of the structural variation in 
the glaze data. Following identification and removal of outliers, where glass bead 
chemistry was readily distinguished from either ceramic glazes or kiln slag, four 
groups were established through PCA partitioning of the chemical glazes (Figure 
5.28; Table 5.7). For three of these (A, B, and C) the majority of samples were 
from Burmese contexts. The fourth group was comprised of the three "new" Kalong 
glazes and an unusual green glaze from a temple jar housed at Sawankhalok. As
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will be seen in the next section the Kalong glazes can be further separated from the 
3ther glazes. The feature that distinguishes the four chemical glaze groups from the 
high temperature reduction glazes is the presence of lead and mercury. For Group 
A this is an important observation as the group consists of compositions otherwise 
commensurate with reduction fired glazes. While comprised of only five samples 
Group A glazes were associated with Pagan i and Lagumbyee fabrics. The 
concentrations of lead and mercury in group A samples are small compared to the 
other chemical glazes. But as trace elements rather than conscious additions these 
two elements may prove useful for identifying other reduction glazed wares 
originating in Burma. For example one member of this group, sample 471, was 
collected during the excavations at Ban Xiang Hai, northern Lao PDR. This sample 
was thought to originate in northern Thailand but the glaze analysis indicates that it 
is of Burmese origin.
Figure 5.28. PCA analysis of the glaze dataset with bead and all outliers removed 
partitioned into four groups: dispersion plot of the first and second components 
accounting for fifty four percent of overall variance. Object scores above; elemental
loadings below.
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Table 5.7. Elemental averages for the four chemical glaze groups: average and % 
standard deviation for the four groups partitioned by PCA. The order of elements 
are arranged according to their eigen loadings on the first principal component from
negative to positive.
(ppm ) A % Stdev . B % S tdev . C  % S td e v . D % S td ev .
Pb 1371 ± 31 123507 ± 39 128501 ± 39 9538 ± 110
S 175 ± 78 26363 ± 39 23296 ± 33 2783 ± 105
Sn - ± - 21854 ± 41 29753 ± 53 71 ± 97
C L - ± - 976 ± 64 1 7 1 5 ± 89 891 ± 99
H g 525 ± 52 2026 ± 29 841 ± 29 64 ± 144
C u 512 ± 16 4882 ± 55 1592 ± 100 4530 ± 105
N a 422 ± 25 382 ± 28 2682 ± 278 25123 ± 124
V - ± - - ± - ~  . . - -
Y 236 ± 73 688 ± 14 1 0 5 ± 141 66 ± 60
C r 191 ± 29 189 ± 36 141 ± 14 141 ± 39
F 25 ± 40 21 ± 28 19 ± 44 93 ± 65
Ni 1244 ± 142 482 ± 31 144 ± 61 28 ± 85
Fe 4958 ± 13 3065 ± 43 2167 ± 51 2518 ± 62
Co 192 ± 29 325 ± 40 43 ± 196 12 ± 144
M n 3616 ± 146 141 ± 52 6 6 ±  61 97 ± 86
Ba 295 ± 163 - ± - -- „ - -
Z r 81 ± 187 - ± - 6 328 16 ± 199
Li 54 ± 131 19 ± 31 13 ± 69 36 ± 49
R b 280 ± 54 285 ± 51 16 ± 212 10 ± 148
Zn 415 ± 17 398 ± 67 100 ± 82 5388 ± 145
T i 1432 ± 35 572 ± 83 369 ± % 250 ± 70
K 8012 ± 16 4634 ± 31 3504 ± 45 4311 ± 83
T h 751 ± 24 433 ± 102 . .  ± . . 45 ± 224
Al 13556 ± 9 10586 ± 6 6323 ± 57 8679 ± 57
As 157 ± 25 - ± - „  ± „ - ± -
B r 368 ± 28 - ± - ~  ± „ 6 ± 228
C a 55624 ± 36 11399 ± 58 8662 ± 60 17688 ± 54
S r 847 ± 36 286 ± 76 24 ± 175 26 ± 77
Si 119914 ± 7 57967 ± 23 5 1 9 6 8 ± 39 76505 ± 69
In Figure 5.29, the Burmese fabric analyses partitioned in Figure are tagged with 
the chemical glaze identifications of Figure 5.28 and Table 5.7. Significant in the 
distribution of chemical glazes relative to the fabrics is that the majority of 
chemical glazes associated with Pegu fabrics or samples found in Pagan belong to 
the Pegu dominated part of the dispersion plot. An exception, AUS 122, is a sample 
of a glazed tile from the Sulamani temple. AUS 122 is the only chemical glaze 
associated with a ceramic fabric characteristic of Pagan. A larger number of 
samples would be required to determine the technological significance of AUS 122. 
As a yellow glaze it represents an otherwise poorly represented chemical glaze 
type.
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Figure 5.29. Identification of Burmese fabrics with chemical glazes: dispersion plot 
of the first and second principal components, accounting for sixty four percent of the 
overall variation in the Burmese sample data (Figure 5.22), with chemical glaze
identifications (Figure 5.28)
Comparison of "Kalong" glaze compositions: zinc
The samples of high fired reduction glazes and low temperature chemical glazes 
from Thailand, Laos and Burma analysed by PIXE-PIGME form a master 
database for comparison with the glazes of the four test samples. Three of the 
"new" ware glazes are lead-based and comprised group D with the glaze sample 
583 in the PCA analysis of the chemical glazes, and the fourth was a high 
temperature reduction glaze. When treated multi-dimensionally these samples do 
not stand out against the overall elemental ranges of the reduction and chemical 
glaze groups. However, the four contain exceptionally high quantities of zinc 
compared to the historical glazes (Figure 5.30). This element is present in low 
concentrations in the master glaze database (< 1000 ppm) but the zinc component 
of the test group is of an order of magnitude greater than that of the master 
database (4000-30000 ppm). The quantities present in the test group indicate that 
the Kalong "new" glazes are not compatible with the historical glazes. As zinc is a 
relatively recent commercial glaze additive (e.g., Fleming 1975) its presence in the 
test group glazes suggests that the samples are relatively modem. The analysis also 
indicates that the presence or absence of zinc in glazes could be a useful method of 
identifying modem forgeries of historical Southeast Asian ceramics.
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Figure 5.30. Log Zinc concentrations in the glaze master dataset. Note the high 
values for the "new” Kalong wares compared to the remainder of the glaze samples.
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Discussion
1. Significance of the compositional study of the fabrics
Using a high precision protocol the compositional analysis has elucidated both 
technological and provenance issues for fabrics and glazes of the Southeast ASian 
ceramic sample. In some cases such as the Ban Kruat and Phan wares the limited 
sample available for analysis restricted the inferences that could be drawn from the 
results. Both Phan and Ban Kruat fabrics were shown to be compositionally 
comparable but the marked porosity of the Ban Kruat samples suggested lack of 
control over the ceramic technology required to produce high-fired celadons. In 
contrast the Phan samples are comparable to the glassy well vitrified fabrics of 
Sawankhalok and represent significantly improved technological control over the 
same clay type.
The majority of samples in the dataset came from three centres of production in 
central and northern Thailand, viz the whiteware producers of Sawankhalok, and 
Kalong, and the "attached" production centre at Sukhothai, enabling a more 
detailed analysis. For the whitewares from the production centres in the Kalong 
complex very little structure was evident in the dataset that could be related to a 
specific locality. The sherds, representing several small production centres, could 
not be readily distinguished chemically, either between celadons and underpainted 
wares; between fine and less well executed; or between the production sites
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themselves. However, in a comparison between the composition of the historical 
wares with samples of previously unknown types, a marked disparity between the 
two indicated that the new samples did not belong to the historical Kalong wares.
A division of the fineware output from Sukhothai can be related to typological 
distinctions between a small relatively compact group composed of bowls with fine 
black decoration, and the larger spread of less well finished bowls that include fish 
designs on the bowl floor. Sherds included in the larger scatter of wares from the 
Sukhothai samples were found in association with the Sawankhalok wares at the 
Region 5 (Umphiang) burial site discussed in the following Chapter.
For Sawankhalok typologically early and late decorated wares have been separated 
into two distinct chemical groups. The two groups are argued to reflect a shift in 
the organisation and methods of production at this site. Earlier production is 
marked by considerable elaboration in the decoration of wares, accompanied by 
chemical modification of the local source of white clay. Ethnoarchaeological data 
suggests such a modification would have allowed the production of larger diameter 
bowls than possible with the local clay alone. Wares of the earlier phase have a 
limited distribution and representation at maritime trading sites. Later decorated 
wares are mass produced using the local clay source without the addition of 
modifiers. The decorated wares of this phase tend to be smaller and decoration of 
the incised celadon wares is less elaborate.
The significance of the major partition between the Sawankhalok wares based on 
high sodium for one group was clarified through comparison with practices of the 
modem potters at Ban Ko Noi (BKN). These potters use the nearby white clay 
outcrop at Khao Sii Lan almost exclusively. Unmodified the characteristic of the 
clay from this source limits vessel size with larger vessels tending to collapse and 
crack during firing. In the absence of a better source of white clay in the area, even 
after several years prospecting, the BKN potters modify the local clay with clay 
purchased from Chiang Mai. This is added in a ratio of one part to five to improve 
the handling characteristics of the white clay and allows production of a wider 
range of shapes than possible with Khao Sii Lan white clay alone. The fired 
composition of the unmodified local white clay used by the modem BKN potters 
corresponds to the low sodium partition of the Sawankhalok whitewares and 
suggests that the Sawankhalok potters of these wares used a similar if not identical 
clay source. It also suggests the Sawankhalok potters faced the same constraints.
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Together the elemental, typological, and technical data allows a reconstruction of 
the loading practices employed by the Sawankhalok potters. The celadons were 
placed on high tubular supports in hot areas of the kiln while the underpainted 
wares were placed on wide short tubular supports for positioning in cooler parts of 
the kiln, possibly to avoid 'burning out' of the decoration. The second partition cuts 
across both celadons and underpainted wares and relates to a systematic shift in 
composition, either in the source of clay or in the treatment of the clay. The shift 
also corresponds to typological distinctions for earlier and later wares from this 
site.
The reconstruction of the loading practice provides a means to reassemble the 
ceramics of each phase with some confidence. For the later phase wares this is an 
important advance. While wares associated with shipwrecks have a firm dated 
context in the mid sixteenth to early seventeenth century AD the celadons and 
underpainted covered boxes produced at Sawankhalok have rarely been found 
together. The exception is an association between underpainted containers and 
green glazed bowls collected from so-called Phu Quoc shipwreck, Brown 1988: 8; 
Green and Harper 1987: 15). However as these wares were not derived from a 
controlled excavation the possibility remains that they were produced at different 
periods in response to changing market demand. The time span of the incised 
celadons wares is based on the dating of the Pattaya wreck and paint-decorated 
covered boxes found throughout insular Southeast Asia is dependant on the Ko 
Kradat shipwreck (Green 1983; Green and Harper 1987; Green 1990). Both 
wrecks are firmly dated by association with Jia Jing ceramics (1522-63 AD) but 
also include sherds of Wanli style (1573-1619 AD). As the Sawankhalok brick 
kilns were evidently loaded to match different wares with temperature gradients 
during firing, celadons dated to the late sixteenth/early seventeenth century AD are 
the high temperature component, and the "pearl and brown" decorated covered 
boxes and other underpainted wares are the low temperature component. A further 
implication of the argument for differential packing of the Sawankhalok kilns in the 
later sixteenth to early seventeenth century is that the kilns in this period were at 
least as large as the earlier fourteenth and fifteenth century AD phase of production 
at this site. At this point we can return to the question of the palaeomagnetic dating 
of the Pa Yang kilns.
The likelihood of late production at a number of kilns at the site and the earlier and 
later typology of the wares of the two partitions indicates that the Na-low partition 
is a later overall development of production at the Sawankhalok complex. Bowls
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with underpainted conch shell motif and container lids that occur exclusively in the 
Na low partition have been attributed to the production area at Ban Pa Yang. By 
contrast the stratification common to both partitions appears to be a feature of both 
earlier and later wares, is related to firing temperature. The tendency of 
underpainted wares to occur in the lower temperature stratum, suggests that the 
significant factor is the positioning of different types of ceramic within the kiln 
rather than changes in kiln technology.
The standardised nature of the latest kilns suggests operation for a short time 
relative to the overall period of production at the site. Earlier production involved a 
range of wares with a desired size range that required the modification of the local 
clay. This phase spans production in inground and above ground kilns. In the later 
phase production of smaller vessels is accompanied by the abandonment of clay 
modification. The chemical data suggests that a number of groups may be present 
in the Sawankhalok fine wares and that at least one of these is principally defined 
by high sodium. As sodium is a flux and would assist in melting a short clay at 
lower temperatures it may be surmised that sodium was introduced, as a constituent 
of a mineral like plagioclase felspar, to modify the behaviour of the clay. The 
numerous ancient examples of fine ware wasters that are slumped and melted rather 
than cracked further supports an argument that the Khao Sii Lan white clay was 
modified by the addition of a flux.
The distinction between high and low Na does not correspond to a difference 
between any known clay sources in the area. I argue that like their modem 
counterparts the Sawankhalok potters used additives to improve the handling and 
firing behaviour of the local white clay. The systematic nature of this practice is 
indicated in the typological distinctiveness for most of the wares in either group. 
Among the low temperature members of the Na rich partition is the glazed 
whiteware bowl fused to an early (no support marks on interior) grey stoneware 
green glazed Mon bowl. In contrast the lids in the low temperature low Na partition 
are amongst the latest of the Sawankhalok trade wares. Examples recovered from 
the Ko Sii Chang One shipwreck can be dated from the later half of the sixteenth 
century AD to the early seventeenth century AD by association with cargo 
containing Jia Jing ware and Wan Li style blue and white porcelains (Green 1991). 
Together the typological and chemical differences of the data set allow a 
reconstruction in which earlier production of decorated Sawankhalok whitewares 
involved the addition of a sodium rich modifier (and based on a comparison of the 
sherd sample also the production of large diameter bowls). The later abandonment
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of clay modification appears to have accompanied a shift in production to smaller 
shapes with later Sawankhalok tradewares confined to small bottles, bowls, and 
covered boxes. The use of a clay modifier to improve the behaviour of naturally 
occurring resources in this region at an early rather than later date opens the debate 
about the expertise of the early potters at Sawankhalok. Fuel depletion is a feature 
of long running ceramic production sites leading to specialised strategies such as 
reduction of the duration and intensity of firing or the melting point (eutectic) of 
clay. The first is a function of kiln design and the second of clay chemistry. The 
development of kiln technology at Sawankhalok appears to range from low 
efficiency and high diversity for much of the production history to high efficiency 
standardised production in the final phase of the site. Where wood is the primary 
fuel source the effects of deforestation are long term and dependant on rates of 
regeneration and cessation of deforesting activities (Lenz 1920; Li 1986). Implicit 
in the shift from flux enrichment of the Sawankhalok finewares is the abandonment 
of conservative practices related to a specialised strategy of chemical manipulation 
that may in part originally stem from the need to economise with fuel. In the 
context of earlier white ware production at Sawankhalok, sodium enrichment may 
provide a more reliable marker of transfer of a technology from more established 
production centres of fineware production than kiln design. As a later development 
the abandonment of sodium enrichment for whitewares at Sawankhalok suggests 
that fuel remained an abundant resource for much, if not all, of the production life 
of the site. The abeyance of this clay modifiaction practice for the later wares 
cannot be used to suggest the loss of expertise or a pottery "secret". The period of 
production of the later wares marks the most extensive distribution of Sawankhalok 
ceramics in Southeast Asian contexts.
The PCA results for the glazed whitewares from Sawankhalok indicated that the 
dataset could further be partitioned between celadons and underpainted wares. The 
experiment of analysing unfired and fired pairs of local primary clays helped to 
resolve the character of the partitions. The experimental data showed that fluorine 
is temperature sensitive for the clays enabling the difference between the two ware 
types to be interpreted as related to firing temperature. Examination of support 
scars preserved on the bases of the sample group confirms that the two ware types 
were treated differently within the kiln.
In chapter 3 the question of the date of the Payang kilns was left unresolved. In the 
absence of other evidence both a fifteenth century or late sixteenth century-early 
seventeenth century date could be accommodated within the palaeomagnetic
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sequence. With the fifteenth century dating the Payang kilns were typologically an 
extension of the already diverse production of the fourteenth and fifteenth century 
at Sawankhalok. While specialised and larger than other kilns of the site, a fifteenth 
century date prohibited an argument for increased specialisation. In this dating 
scheme the later sixteenth to early seventeenth century AD ceramics from 
Sawankhalok found in shipwrecks in the Gulf of Thailand merely suggested that the 
kilns for the later phase wares were among the large number left unstudied at the 
site. The unsatisfactory character of this scheme was indicated by the covered 
boxes of the type found with the Ko Kradat wreck and reported to occur on the 
vicinity of the Pa Yang kilns. The occurrence of celadons and painted wares in 
separate contexts reinforced the idea of continued diversity in production at this 
site. However, the combined elemental and typological data indicate that production 
at Sawankhalok did in fact grow more specialised over a relatively short period of 
time. This is suggested by the reconstruction of kiln loading practices and the use 
of a high temperature celadon and low temperature painted ware component in the 
same load, the elemental evidence indicating that the later wares were produced 
from the same clay source as the earlier phase wares but with simplified 
preparation procedures, and the homogeneity of the later phase celadon and painted 
wares relative to the earlier phase wares indicating more standardised production.
Together these strands of argument combined with the Pa Yang kilns suggest that 
both the ceramics and kilns relate to a single highly specialised phase of production 
at Sawankhalok. The date range of the late phase ceramics in the sixteenth-early 
seventeenth century AD indicates that the upper-most of the Pa Yang kilns must be 
placed after the fifteenth century. The only available position in the sequence near 
to the palaeomagnetic values of the Pa Yang kilns is at the very end of the pre­
seventeenth century series, a date which satisfies the proposed late chronology for 
these kilns enabling both the wares and kilns to be interpreted as the final phase of 
specialised production. The correspondence between the palaeomagnetically 
sequenced kiln typology with dated wreck sites enables group II kilns 
(Sawankhalok and Sukhothai) to be associated with the Sawankhalok wares found 
at the Ko Khram and the group III kilns to be related to Sawankhalok wares from 
Pattaya and Ko Kradat. Thus the results of the elemental analysis of wares from a 
range of production centres in central and northern Thailand appear to partly 
confirm expectations about the behaviour of different types of specialised 
production (Figure 5.31; Table 5.8).
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Figure 5.31. Dispersion plot of the first and second principal components of 
inground and surface brick kilns from Sawankhalok, central northern Thailand, 
rotated to emphasise the pyramidal character of the distribution from diverse to 
specialised production. The KN42 stratigraphic sequence, as well as the 
palaeomagnetic sequences for each century are shown. The right hand axis shows 
shipwrecks with Sawankhalok ceramics and is placed to approximate the 
chronological relationship between the kilns and dated wreck ceramics.
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Table 5.8. Sawankhalok ceramic production: concordance for kiln chronology and 
elemental groups of Sawankhalok decorated wares
Kiln group PIXE/PIGME
partition
AMDEL Date Range (AD) 
partition
Wares
Group I High Sodium 
low temp
Type A& Bii c. 1000/1200 Mon and Mon associated celadons (fabric modified)
Group II High Sodium 
high & low temp
Type Bii c.1200-? Celadons and underpainted wares (fabric modified)
Group III Low Sodium 
high & low temp
TypeBi c. 1575-1625 Celadons and underpainted wares (fabric unmodified)
Significance of the Glaze results
From the results of the glaze analysis a number of points emerge. Firstly, PCA 
partitioning of the glaze data has allowed the formation of meaningful groups even 
though the accuracy of the initial PIXE-PIGME results was low. Given the analysis 
was undertaken on unprepared glaze surfaces the standard deviation of the glaze 
results is typically large and often greater than the elemental average. Secondly, the 
high temperature reduction glazes and low temperature chemical glazes could be
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further partitioned. The separation of the reduction glazes into three discrete groups 
reflects either the use of specific colorants (i.e. the brown glazed wares of the high 
nickel- manganese group C) or the use of fluxes (i.e., the high Na celadon glazes of 
group B). However, the occurrence of wares from a wide range of sources in the 
one group such as the Chinese and Sawankhalok glaze samples of Group B indicate 
that these distinctions are of general technological rather than regional significance. 
The chemical glazes offered greater scope for extracting regionally meaningful 
groups from the glaze dataset.
For the chemical analysis higher concentrations of mercury and copper distinguish 
Group B green chemical glazes from Group C glazes. Group B glazes are only 
represented in the Pegu i and Pagan iii fabrics. The Group C glaze group is 
represented over the range of Pegu and Pagan fabric groups with the exception of 
the five samples in Pagan ii. The ubiquitous distribution renders group C glazes of 
limited use for discriminating between sites on the basis of glaze chemistry. 
However, the similarity in compositional range for the fabrics of Pegu iii and Pagan 
iii suggests that these two groups are derived from the same source. In view of the 
diverse range of wares forming Pegu iii and the relatively specialised architectural 
fabrics of Pagan iii, the clay source for the roof tiles from around the Hman Zedi is 
suggested as most likely to be in the vicinity of Pegu. This view is reinforced by the 
limited distribution of Group B glazes in the Pegu i and Pagan iii samples. The use 
of imported tiles at Pagan, an important ceremonial centre, with an origin in Pegu, 
presents the possibility that these temple tiles were supplied by Pegu as tithe 
support. Such a practice is the basis to build expectations about the possible the 
diversity of fabrics at other temples at Pagan, with similar architectural elements 
provided by a range of contemporary towns and cities in Burma.
Technological indicators of non-competitive and competitive production
A common feature of the wares from each production complex represented in the 
dataset is the presence of fine and coarse wares. In the case of the Ban Xiang Hai 
samples the distinction is between imported and local fabrics. For the remaining 
production centres the division is between local fine and coarse wares, in addition 
to imported ceramics such as Chinese porcelains. The Burmese dataset with 
specialised production of votive wares produced in Pegu for use in Pagan confirms 
that the separation of attached and independent specialists is an overly simplistic 
division for Southeast Asian specialised production. The same indeterminacy 
applies to Sawankhalok and Sukhothai which were supplied with large quantities of 
architectural ceramics for temple fittings from "attached" production complexes. 
However, aspects of the elemental characterisation of production at these and other
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sites in northwestern Thailand can be interpreted in the light of assumptions 
regarding their possible economic or political function.
The reassessment of the Sawankhalok kiln and ceramic technology suggests that 
production developed a complex trajectory through time. The PCA assessment of 
the kiln typology, in combination with a chronological framework built up from 
dated kilns and shipwrecks, indicates that the proposed late phase of production at 
Sawankhalok is composed of at least two distinct stages, one extending from the 
fourteenth to the fifteenth century AD, and the other belonging to the late sixteenth 
to early seventeenth century AD. The organisation of production changed in the 
sixteenth century from diversity (Costin's measure for a non-competidve 
environment) to a high degree of specialisation (Costin’s measure of competitive 
behaviour). The use of a relatively sophisticated technology is evident in the 
modification of whiteware fabrics. Modified whitewares occur in the earliest phase 
of whiteware production at this site (from around 1100 AD) when kiln technology 
was at a relatively undeveloped and low temperature in-ground stage. Clay 
modified fabrics are employed throughout subsequent developments in kiln 
technology to larger above-ground and higher temperature brick kilns, and in the 
style of ceramics to more elaborate painted and incised celadon wares until some 
time in the later fifteenth/early sixteenth century AD. In other words while different 
aspects of ceramic production at Sawankhalok were evolving the practice of clay 
modification for whiteware production remained the most stable feature of the 
technology employed at this site. At the same time production diversity is reflected 
in the operation of both in-ground and above ground kilns producing different 
wares. Thus in the first stage of the production trajectory at Sawankhalok a stable 
technology was introduced that enabled the subsequent elaboration of whiteware 
production, accompanied by diversity in kiln technology and prestige and utilitarian 
wares. This phase developed over a three hundred and fifty to four hundred year 
period.
The second phase of the Sawankhalok production trajectory is technologically 
distinct from the earlier stage. Kiln technology is more highly specialised with 
relatively uniform, large capacity kilns, and no evidence of the continuation of in- 
ground production at this time. The use of unmodified clays for whiteware 
production in this phase also marks a highly significant change in view of the 
previous stability of the basic whiteware technology. Unlike the preceding phase 
where the use of modified clays increased the range of styles and shapes possible 
for whiteware, the shift to unmodified clay introduced size constraints determined
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by the firing behaviour of Khao Sii Lan clays. Kiln size and the quantities of wares 
found in adjacent areas suggest that production was also more intensive. Thus the 
final phase was relatively short, represents a marked technological break with the 
preceding phase but with little internal development, and had relatively high output 
that lasted for about fifty years or less (i.e., a single generation; c.f., Hassan 1981).
Ceramic technology: emulation and competition
The production complexes represented in the dataset include the range of whiteware 
producers in central northern Thailand in addition to producers of white-slipped 
stonewares that emulated whitewares. The location of the Kalong kiln complexes is 
evidently dependant on proximity to a suitable source of white clay. The chemical 
analysis shows this source to be largely undifferentiated irrespective of the spatial 
range of the production centres in the Kalong area. A second chemically distinct 
group of whitewares include both the Khmer Kulen wares assigned a ninth-tenth 
century date and white wares from Phan. The chemical similarity, however, can be 
contrasted with the technical differences of the whitewares from the two complexes. 
From the composition, temperature range, and porous structure of the Ban Kruat 
Kulen wares I infer that the Kulen wares are refractory and resistant to 
vitrification. While the firing range was sufficient to melt a reduction ash glaze, the 
Ban Kruat potters could not attain the high temperatures required to develop an 
extensive glassy phase in the Kulen fabrics. The production of a relatively dense 
glassy fabric, typical of Chinese trade wares, was inhibited by both environmental 
and technological constraints of the Ban Kruat potters. I suggest that the Kulen 
white fabrics represent an attempt to emulate Chinese trade wares in appearance 
without the benefit of the requisite technology for modifying the firing behaviour of 
the clay. If the compositional similarity between the Phan whitewares and the Ban 
Kruat whitewares reflects similar geology and handling properties, then the vitrified 
character of the Phan wares can be meaningfully contrasted with the porous 
refractory fabrics of the Ban Kruat wares. The contrast supports a view that the 
Phan potters adopted special techniques to overcome production problems 
associated with this type of refractory clay. Sawankhalok, as the likely source of 
Phan technology, is implicated in the range of stylistic and technical parallels 
between the two complexes. Brown notes that:
Of all the northern kiln sites, Phan is the most likely to have been founded by actual 
Sawankhalok potters; the kiln construction, the tubular supports, the potting, glazes and 
shapes all show strong similarities to the Sawankhalok production of about the fifteenth 
century (1988: 89-90).
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In Chapter 3 reference was made to a possible involvement of Chinese potters in 
Sawankhalok whiteware production. This suggestion is based on (1) the style and 
decoration of whitewares and (2) a reference to the importation of Chinese potters 
in a thirteenth century AD inscription from Sukhothai, the so-called Rama 
Khamhaeng inscription. I have argued that stylistic criteria are problematic as 
chronological or ethnic pointers, and the authenticity of the inscription is a matter 
of debate (e.g., Vickery 1987). However, the evidence for modification of the clay 
used for whitewares is a basic indicator of expertise in whiteware technology from 
the initial stages of production at this site. The modification of whitewares in the 
initial phase of whiteware production at Sawankhalok parallels the Chinese practice 
of adding sodium-rich felspars to condition whiteware clays for porcelain 
production (e.g., Yanyi 1987). Thus the chemical data provides evidence that the 
basic whiteware technology used at Sawankhalok was imported, independent of 
stylistic or historical considerations, and lends support to a likely Sawankhalok 
origin of the Phan potters. This conclusion demands a reassessment of the issues of 
"competitive emulation" discussed in chapter 2 to account for the rise of local 
production centres, and the proposed homogenising effects of competition on goods 
and the specialised level of organisation in Chapter 3.
Overall the northern Thai data is consistent with local production emulating 
prestige stonewares. I question the competitive character of the initial stages of this 
production where emulation supplements, rather than competes with, the supply of 
prestige goods. In Chapter 3 I presented an argument that Khmer stoneware 
consumption reflected a disparity between prestige wares consumed at the centre 
and wares emulating these goods in provincial areas more remote from the main 
sources of supply. Part of a local strategy to exploit demand for prestige wares, 
emulative production provided a local supply of wares in greater quantity than 
possible from any other more distant production centre. Emulation at such centres 
was not competitive with prestige goods but supplemented supply.
Competitive production implies a shared economic space on one hand and greater 
political differentiation on the other (e.g., regional factionalism). The parallels 
between the ceramic technology of Sawankhalok and that of the northern complex 
at Phan would be predicted in Costin’s formulation of the effect of competition on 
producers supplying the same type of goods to the same market (above Chapter 3; 
1991: 13). In the following chapter the "market" and emulative competition 
between producers of central northern prestige goods is discussed in the context of 
the archaeology of groups in the adjacent uplands.
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Chapter 6
Northern Thai uplands: archaeological reconnaissance, sampling and analysis
In chapters 1 and 2 I argued that an overly simplistic approach has been taken to the 
archaeology of the uplands in northwestern Thailand. The emphasis on lowland development 
in part reflects the more abundant archaeological evidence of burial practices and settlement in 
lowland areas. But it also reflects a dichotomy in the approach to lowland and upland groups 
(e.g. Bronson 1977; Colani 1935; Welch 1984, 1989; Higham 1989). Against the historical 
evidence, archaeological interpretation of later prehistoric and early historic cultures in the 
uplands has emphasised long term continuities in the small scale, independent, subsistence 
economy of upland groups (e.g., Bellwood 1992; Higham 1989). This approach has retarded 
our understanding of the economic and political dynamics between upland and lowland groups 
in the area.
The rise of complex society and expanding networks of contact in mainland Southeast Asia has 
been characterised as a development of agrarian-based cultures of the lowland plains. This is 
argued to be first reflected in the emergence of chiefdoms (Higham 1989: 190-238), followed by 
a protohistoric transition towards supra-tribal societies (Bellwood 1985: 271-317). Cultural 
diversity in the uplands of Northern Thailand is a defining characteristic of the recent occupation 
history of the region. Attributed to increasing severity and frequency of periodic displacements 
by incoming groups, "ethnic churning" in the uplands (Basham 1990) is linked to social and 
political upheavals of the last few hundred years in Southeast Asia (Bellwood 1992). In this 
chapter I present and discuss the results of an archaeological reconnaissance of sites in the 
uplands of northwestern Thailand. Burial monuments, abandoned settlements and associated 
ceramics provide abundant data from which to infer socially complex activity that can be 
related to extensive interaction with lowland centres in this period.
Background to the field work
Rather than reflecting actual spatial or chronological distinctions, the archaeology of the uplands 
in mainland Southeast Asia is compartmentalised by region and period. The divisions have their 
roots in the recent history and political evolution of the region. The uplands of countries once 
forming French Indochina (Lao Peoples Democratic Republic [Lao PDR], Vietnam, and 
Cambodia), have been the most extensively documented through the efforts of researchers
sponsored by the École Française d'Extrême Orient. While this research still contains much of 
value it stems from superseded archaeological and historical orientations of the later nineteenth 
and earlier part of the twentieth centuries. By contrast research in the area common to Burma, 
Thailand and Lao PDR (the Golden Triangle), has been hindered by protracted periods of 
political instability (e.g., Lamb 1968), with the Thai and Lao area only now amenable to 
systematic investigations (e.g., Chapman and Hinton 1993).
Long term environmental histories, and the assessment of human activity on the landscape, has 
yet to be systematically undertaken for the uplands of northwestern Thailand largely due to the 
scarcity of suitable natural sites (Maloney 1992). In mainland Southeast Asia such analyses have 
been successfully employed at a number of lowland archaeological sites (e.g. Khok Phanom Di: 
Maloney and Brown 1991, and Thompson 1992; Sisatchanalai: Bishop et al. 1992, 1994).
Upland cultural sequences in northwestern Thailand have tended to be treated in regional 
isolation, reflecting the disparate and often localised character of the archaeological remains 
(Solheim 1970). For the prehistoric period some preliminary survey work and excavation has 
been undertaken in the central western uplands of Kanchanaburi province, although most of the 
sites have been disturbed (Thai Division of Archaeology report: Kanchanaburi Province 1988; 
Bronson 1988; Glover 1985; Prior 1992; Sprenson 1973; Sprenson 1988; Sprenson and 
Hatting 1967). For northwestern Thailand the small number of excavations of Hoabinhian rock 
shelters on the Bo Luang plateau, Hot province (Santoni 1990; Santoni 1992), and of 
Hoabinhian and earlier occupation sequences at cave sites in the Nam Khong area of Mae 
Hongson province (Gorman 1972; Higham 1989; Reynolds 1992), have more recently been 
augmented by preliminary archaeological survey of the Nam Khong valley system (Kieman, et 
al. 1988). This work identified extensive Hoabinhian occupation in the region as well as a 
distinctive log coffin mortuary practice similar to cave sites in Kanchanaburi province. Thought 
to postdate the early Hoabinhian but overlapping the later Hoabinhian, the coffins have been 
dated from 2000 BC to 1000 AD on the basis of dated occupation strata from excavations in the 
area, associations with bronze and iron artefacts, and the lack of local ethno-historical evidence 
for the practice (Kieman et al. 1988: 38-42). Log coffin inhumations are typically associated 
with cave sites in limestone karst hill-tracts of both mainland and insular Southeast Asia. They 
are reported at a range of sites from northern Vietnam and northwestern Thailand to island sites 
in Borneo, Sarawak and the Philippines. But attempts to determine dates of the Southeast Asian 
log coffins have been complicated by the disturbance of fossickers and the absence of 
stratigraphic controls. From the 14C dates so far obtained for Southeast Asian log coffins, it is 
feasible to suggest only that they are a long-lived phenomenon, with the possibility of 
reinvention at various places and times.
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For more recent periods the research so far published consists largely of anecdotal accounts and 
some preliminary survey work (e.g. Hutchinson 1939; Condominas 1990). One excavation has 
been undertaken in the Tak-Maesot area (Pitiphat pers. com.), and several summaries of existing 
knowledge of the history and archaeology of the hill-tracts of northwestern Thailand have been 
produced (e.g. Satyawadhna 1992: appendix C; Brown 1988: 4-6; Shaw 1988: appendix A; 
Renard 1981).
The diverse social and religious institutions, and funerary customs of upland peoples of Northern 
Thailand have been detailed in numerous anthropological and ethnographic studies in the area 
The distinctive burial practices of a group of Lua on the Ob Luang plateau between Mae La Noi 
and the Mae Chaem Valley are historically significant as this group are possibly the oldest 
continuous inhabitants of the region (Satyawadhna 1992). The Lua of Ban Chang Mo continue to 
use a form of log coffin burial that appears to be of considerable antiquity in the uplands of 
northwestern Thailand. Yet the relation of this to earlier burial practices has not been investigated 
in any detail. However, since the mid 1980's there has been renewed interest in burial practices of 
the later prehistoric and earlier historical period in northwestern Thailand that has stemmed from 
intensive illicit digging in the region.
Looting of burial sites from the Tak-Maesot area in the mid 1980s and later in the north around 
Omkoi has provided evidence of extensive involvement of upland groups in the international and 
regional exchange systems of adjacent lowland centres in the historical period (Rau and Hughes 
1985; Shaw 1986:1-17; Vallibhotama 1986). Preliminary work on surface sherds indicates 
distinct distribution patterns that may relate to the trade and exchange networks of regional 
lowland centres in the premodem and early modem period (Shaw 1988). However, our 
understanding of the relationship between the ceramics and the interaction of contemporary 
upland groups in regional exchange is critically dependent on specific details of the association 
between site and surface assemblage. Three considerations prompted me to survey burial sites 
along the northwestern border area of Thailand. The first was the large quantities of trade 
ceramics attributed to the burials of this area; the second was the speculation surrounding the 
nature of the burial sites; and the third was an ignorance of the way regional exchange worked in 
relation to this phenomenon.
In spite of renewed interest in upland burial practices of the Buddhist period stemming from 
extensive illicit digging in the region, little accurate or integrated data was available regarding the 
types, distribution, and character of these sites. Preliminary reports describe a range of upland 
burial types that include circular earthworks surrounded by a shallow ditch, sites marked by 
upright stone slabs, and both cremation um burials, and inhumations (Rau and Hughes 1985; 
Shaw 1986; Vallibhotama 1986). Associated finds include bronze vessels, mirrors and ornaments 
such as small bells, wrist and anklet rings, glass, shell and semi-precious stone beads, iron tools
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and swords, and composite knives and spearheads with iron blades and bronze hafts. Ceramics 
form the largest class of artefact and delineate a specific phase of interaction for the upland 
burials in the Buddhist period. Burial wares comprise glazed and unglazed stonewares from 
northern Thai, Burmese and Vietnamese production centres, as well as Chinese Ming period blue 
and white decorated porcelains, celadon plates and jarlets (Brown 1988; Rooney 1990). While it 
is thought that hundreds of burials have been dug up less than twenty sites have been located and 
few of these have been investigated (Rau and Hughes 1985; Chandavij 1985; Archaeology 
Division 1988). The burials have variously been ascribed to unknown hill tribe group(s) of 
lowland soldiers, or are thought to represent the grave yards of merchant staging posts (Pitiphat 
1992). From the known locations, however, it is evident that the pattern of burials follows the 
north-south orientation of upland valleys rather than particular east-west transit routes. This 
pattern is commensurate with habitation rather than with the ephemeral groups directly involved 
in transhipment activities (Brown, 1988: 5). Prior to the survey the location of 16 burial sites 
with trade wares in the region had been recorded but the first earthwork burial recorded in any 
detail was prior to the spate of looting in the mid 1980’s in 1958 (Condominas 1990). The site, in 
a western tributary of the Mae Chaem Valley, was interpreted as a fortification with surrounding 
ditch and embankment. While more or less circular Condominas thought that it had originally 
been square. His local informants called it a Lawa tomb and the small pit dug out of the centre 
suggests that this site had already been explored by the late 1950’s.
Objectives of research
The quantities of trade wares reported to have come from the upland burials suggests intensive 
upland involvement in regional exchange with adjacent lowland groups from at least the late 13th 
century. The objectives of the field work were to determine i) the overall nature of archaeological 
remains in the region and ii) identify, and describe disturbed burial sites, and iii) collect a sample 
of the associated pottery for laboratory analysis and comparison with the products of adjacent 
lowland ceramic production centres.
The field work was designed to provide a more accurate characterisation of upland burial sites 
and the intra-regional variations from which to infer broader patterns of socio-political 
interaction over a region extending from Mae Hongson province to Umphang. Five areas were 
identified with archaeological sites relevant to the study within the area between latitude 16°30' 
and 18°19', and longitude 98° 14' and 99°01 (Table 6.1; Figure 6.1)).
Table 6.1. Regions of the upland reconnaissance
Latitude Longitude
REGION
Region 1: (Soppong)
Region 2: (Ban Wat Chan)
Region 3: (Mae Chaem)
Region 4: (Omkoi)
Region 5: (Umphang)
19°30’-19°35’ 98o10'-98o20’
19°06'-19oO10' 98°30'- 98°36'
18°30'-18°45' 98°05'-98°25’
17°30'-17°45'. 98° 15’-98o30'
16°30’-16°50' 98°50'-99°05'
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Within these regions several characteristic site complexes were encountered (Table 6.2): 1/ 
cave sites with the remains of log coffin and jar burials (restricted to region one); 2/ brick 
remains of Buddhist temples and chedis; 3/ artefact scatters associated with abandoned 
habitation areas, and isolated sherds dug up from vegetable gardens or pottery used in modern 
households. 4/ earthworks of raised circular platforms with or without a surrounding ditch and 
embankment; 5/ cemeteries and single burials, usually extensively dug over with quantities of 
pottery sherds on the ground. Some discussion is required of the looting activity surrounding 
the upland burials in order to appreciate the complex site formation processes involved and 
the difficulties these posed for sampling.
Methodology
Apart from the identification and location of sites the most pressing problem for 
representative sampling of upland burials was the complex pattern of looting and subsequent 
fossicking at these sites. The relationship between antiquarianism and looting is well 
established as an archaeologically pre-emptive activity with major consequences for 
interpretation (Gill and Chippendale 1993). For the Thai uplands the pattern of looting and 
subsequent fossicking at the burial sites has been complex. The discovery of the economic 
potential of the upland burials sometime in 1984 when large quantities of ceramics started 
appearing on the market in Chiang Mai and Bangkok (Brown 1988: 4) incited a period of 
looting. This process was fortunately inefficient but highly destructive of the sites and the 
associated grave goods, in particular the ceramics. The most sought after wares in this phase 
were the better known trade wares from China, Vietnam and Sawankhalok. Initially, less 
prized incomplete or damaged vessels were left in the immediate vicinity of the burial site. 
This initial stage of recovery was followed by several interrelated processes as the region 
increasingly attracted the attention of ceramics collectors. With the decrease in quantity of the 
most popular wares, collectors responded by providing a market for the lesser known 
northern Thai and lead glazed Burmese wares. The number of new sites dwindled but 
continued demand encouraged a new phase of looting that was both more systematic and wide 
ranging than during the initial phase. Few modern burial grounds of upland villages escaped 
digging over reflecting a belief that such sites had the potential of considerable longevity that 
extended into the tradeware period. The depletion of the stocks of ceramics from upland 
burials was relatively rapid, and the appearance of large quantities of new wares on the 
Chiang Mai and Bangkok market had largely ceased by 1987-88. In the third phase 
heightened interest amongst collectors was foiled by the scarcity of complete vessels but was 
offset by reworking already looted sites. At this stage, broken but now relatively valuable 
ceramics left by earlier phases of looting were collected in a process of localised secondary 
fossicking.
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I anticipated that sherds of interest to collectors would have been removed from the sites. The 
residual was expected to include unglazed stoneware and earthenware fragments. As these 
wares have little market value large sherds were likely to still be left where they had been 
first dug up. Fragments of decorated glazed wares were expected to be more problematic.
The most reliable samples of fine wares that could be associated with a find spot were likely 
to be fragments of little commercial or apparent diagnostic value. The expectation was that 
these sherds would be physically small and form a minor component of the overall sherd 
assemblages left.
The field work was carried out over seven weeks in February and March 1993, and a short field 
trip in January 1994. It was designed to encompass as much area as possible within the limited 
time available. Travel by motorcycle was preferred both for economy and for quick access to 
the more remote and rugged areas within this region. The choice of transport limited the 
amount of equipment that could be carried. Site description was restricted to the orientation 
and measurement of dimensions and features and sample collection. Equipment required for 
accurate survey of sites such as a dumpy level and tripod could not be carried. The field work 
was heavily reliant on the willingness of local informants. This was established through a Thai 
field assistant. The location of sites was supplemented with walked transects noting surface 
remains and collecting ceramic shards. Site positions were recorded using a Global Positioning 
System (GPS), with a reported accuracy of +/- 30 meters (Sony 1991). The sampling strategy 
was dependant on the nature of sites encountered. For sites with limited ceramic sherds total 
collection was used; sites with large quantities of surface material were sampled by selecting a 
sample set and unusual or unique sherds. Sherds were left in place were possible. From the 
collected sample a further selection was made for analysis in Sydney. The main artefact group 
and a duplicate analytic set remain in Thailand at the Ceramic research Project Museum, 
Chiang Mai University.
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Figure 6.1. Map of Thailand and detail of the Northwest giving the location of the five survey
regions in the uplands
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Table 6.1. Summary of the survey results for the five selected regions in the uplands of northwestern Thailand with 
coordinates where taken. Sites are numbered in right hand column). Regional centres are capitalised.
Site L at L ong Site #
Region 1 S in g le  U m  b u ria l  f ig u re  6 .2  M ap  re f  9 B ull C ave 19°55 98°3 0 1.9
Soppong L o g  c o ff in s  f ig u re  6 .2  M a p  re f  32 U m m ong  C ave 1.32
L o g  c o ff in s  f ig u re  6 .2  M a p  re f  3 N am  L ang  C hum  C ave 1.3
L o g  c o ff in s  f ig u re  6 .2  M a p  re f  22 L ah u  V illage  C ave 19°58 98°24 1 . 2 2
L o g  c o ff in s  f ig u re  6 .2  M a p  re f  7 L ah u  Pot C ave 19°54 98°27 1.7
L o g  c o ff in s  f ig u re  6 .2  M a p  re f  12 Sri Soppong 1 . 1 2
L o g  c o ff in s  f ig u re  6 .2  M a p  re f  5 T ham  L od C ave 19°57 98°27 1.5
L o g  c o ff in s  f ig u re  6 .2  M a p  r e f  1 B an R ai 1 .1
L o g  c o ff in s  f ig u re  6 .2  M a p  re f  13 B an P ang  K ham 1.13
L o g  c o ff in s  f ig u re  6 .2  M a p  re f  26 B an Y appa N air 1.26
c e ra m ic s  a s s o c ia te d  w ith  a b a n d o n e d  s e tt le m e n t B an P ang  K ham 1.13
Region 2 s c a tte re d  b r ic k  re m a in s  o f  W a t S ite  1 19°08 98°33 2 . 1
Wat Chan p o tte ry  s c a t te r  n e a r  road S ite  2 19°08 98°34 2 . 2
b r ic k , ti le  a n d  p o tte ry  e x p o se d  by  ro a d  c u ttin g S ite  3 19°07 98°31 2.3
P o tte ry  f ro m  v e g e ta b le  g a rd e n  (K a lo n g  R X B ) S ite  4 19°07 98°31 2.4
D o i P ra th a t.  C ir c u la r  b r ic k  fo u n d a tio n  o f  sm a ll ch ed i S ite  5 19°07 98°31 2.5
R e c ta n g u la r  b r ic k  p la tfo rm  re m a in s  o f  te m p le S ite  6 19°07 98°30 2 . 6
b ric k  &  ti le  re m a in s  o f  te m p le  14 m  o f f  ro a d  on  sm a ll rise S ite  7 1 9 °1 1 98°31 2.7
p e s tle  f r a g m e n t  r e c o v e re d  fro m  a d ja c e n t fie ld S ite  8 19° 11 98°31 2 . 8
m o d e m  c h e d i S ite  9 19°08 98°31 2.9
F la t to p p e d  m o u n d s  a lo n g  r id g e  to  10W  > 2 .5  m  h ig h , 5 m  d ia m S ite  10 19°07 98°34 2 . 1 0
b ric k  &  ti le  re m a in s  o f  te m p le  o n  f lo o r  o f  v a lle y . C h in e se  B lu e  a n d  w h ite  
la te  17 th - 18th  C .
S ite  11 19°09 98°35 2 . 1 1
Region 3 K hun Y uam 18°83 97°94
M. Chaem M ae C haem 18°50 98°37
M ae L a N oi 18°38 9 7 0 9 4
L u a  v illa g e C hang  M o v illage 18°32 98°17
M o d e m  b u r ia l  g ro u n d C hang  M o 1 8 °3 1 98°17 3.6
B at G u a n o  c av e C hang  M o 18°31 98°19 3.8
D oi K huu rem ain s o f  ched i 18°69 98°32 3.10
in h u m a tio n  b u r ia ls D oi K huu burials 18°69 98°31 3.11
r in g  d itc h  e a r th w o rk s B an M ae S atop  ea rth w o rk 18°67 98° 19 3.12
K a re n  v illa g e B an N a H ong (K aren) 18°68 98°34
I ro n  w o rk in g  v i lla g e B o L ek 18°25 98°19
B u ria l G ro u n d  w ith  s to n e  a n d  w o o d  m a rk e rs B o L uang 18° 16 98°48
M ae San 'am  (L ua) 18°15 98°32
Region 4 O m koi 17°80 98°36
Omkoi E a r th w o rk S op L an S.13 17°69 98°39 4.1
E a r th w o rk  c o m p le x S op L an  S .14 17°69 98°39 4 .2
E a r th w o rk  c o m p le x Sop L an S .15 17°70 98°38 4.3
R e m a in s  o f  c h e d i 17°57 98°42
B an Sop H at (K aren) 17°56 98°42
Regim 5 M ae  S o t 16°72 98°58
Umphang B an U m phiang) 16°43 99°00
earthw orks com plex 16°42 99°01 5.16
loo ted  site ad jacen t to road 16°40 99°01 5.17
U m p h a n g 16°08 98°86
S A W A N K H A L O K 17°43 9 9 0 7 9
S U K H O T H A I 17°03 100°37
C H IA N G  M A I 18°80 98°97
Region 1 
Soppong
Numerous log coffin burials have been reported at cave sites in this region of Mae Hong Song 
Province, Northern Thailand (Figure 6.2). Their significance for the research program is the 
chronological relationship of the log coffins to the burials associated with tradewares in the 
neighbouring southern reported for regions 3,4, and 5 of the survey area. Log coffin burials 
are a widespread mortuary practice in Southeast Asia. Typically preserved in caves associated 
with limestone karst formations, the distribution of log coffins ranges from southern China 
through the uplands of Vietnam, and northwestern Thailand to the islands of Borneo, Sarawak 
and the Philippines. While the practice has continued into the modem period in some parts of 
continental and island Southeast Asia (Bulbeck 1993), dated remains indicate that log coffin 
burial is a practice of considerable antiquity in the region. As log coffins are usually placed 
on supports above ground level, firm associations with other archaeological assemblages are 
lacking. In addition these often highly visible locations have attracted fossickers resulting in 
further disturbance of the archaeological context of coffin sites.
The preliminary publication of the archaeology of the Nam Khong caves in the region of Mae 
Hong Son (Kieman et al. 1988), reported twenty six cave sites containing coffins. Since that 
time further discoveries in the area bring the total to over seventy coffin sites over an area of 
900 square kilometres. AMS Carbon 14 (14C) dating of the of the Nam Khong log coffins is 
the best way of establishing the longevity of the log coffin phenomenon and its place in the 
occupation history of the region. It also provides a means to address the significance of the 
rise and demise of the practice of log coffin burial in a wider context of upland developments 
in northern Thailand. By using systematic sampling and analysis the study ultimately aims to 
establish a fine grained chronological framework for this coffin group.
Through the support of the Australian Nuclear Science and Technology Organisation it has 
been possible to initiate a program of analysis to support the fieldwork component of the 
project using Accelerator Mass Spectrometry (AMS) dating at the Antares AMS Centre, 
Lucas Heights, Sydney. Twenty samples have been collected from a range of the Nam Khong 
coffins. The samples were selected to represent both the geographic and typological spread of 
the group. Twelve samples have been processed and analysed so far. In 1993 nine coffins 
from six cave sites (Figure 6.2: sites 3, 5, 7, 12 and 32), dispersed throughout the region 
were selected to represent the range of variation of the Nam Khong log coffins. Three bone 
samples from an unusual um burial (site 9) were also collected for AMS dating. The log 
coffin sample group includes coffins with single "prows", double "prows", and zoomorphic 
finials, coffins from the extremes of the size range, and coffin support structures. In 1994 a 
further five coffins were sampled from less accessible sites in the Nam Khong region (sites 
1,13 and 26), and included types not represented in the 1993 group. Samples were taken
157
from the outside walls of coffins to minimise the difference between the age of the tree and 
the time of cutting (cf., Harrisson 1966, 77-78). AMS dating requires substantially less 
sample than conventional dating and typically less than 5 grams of wood was taken from 
each of the coffins.
Figure 6.2 Map of the coffin sites in the Nam Khong - Nam Lang area of Mae Hong Son 
Province with sites that have been sampled for AMS dating indicated by a circle (Site 11 is 
Spirit Cave excavated by Chester Gorman). (From Keirnen et al. 1988)
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The log coffin sites are generally located in caves, either in chambers or at the mouths of 
caves. Site 5 (Tam Lod) is typical of chamber burial sites. This is part of a very large cave 
with about one kilometre of passages where the Nam Lang river passes through a low hill 
near Ban Tham. The chamber complex with several log coffins is near the eastern exit of 
river (Figure 6.3). A sample was taken from a coffin in the outer chamber partly preserved 
to a length of c. three hundred and forty centimetres. The so-called prow, a decorative 
terminus carved at the end of this coffin is typical of the rounded "key hole" type that is flat 
sided with a chamfered edge (AMS 5.1). Along the bottom of the prow is the typical thin 
raised fillet, pierced at the junction between the prow and the coffin. These prows 
presumably also had a practical function for handling and for lashing the two halves of the 
coffin together. A second coffin in the larger inner chamber preserved to a length of c. 500 
centimetres was also sampled (AMS 5.2).
Figure 6. 3: Region 1, site 5 (Tham Lod Cave) Sketch plan AMS samples numbered
A second typical log coffin chamber cave is Site 7 (Lahu Pot Cave) as a moderately sized, 
multi-chambered cave complex with numerous complete and fragmentary coffin halves. An 
inner chamber contains two halves of large single prow coffin, sixty centimetres wide, a wall 
thickness of 5 cm and is only partly preserved to a length of c. 1.8 m. The prow of the 
preserved end of the coffin is 50 cm. long, flat sided, and has a chamfered edge, and the 
raised and pierced fillet along the bottom surface (AMS 7.2). A second smaller coffin with 
both halves partly preserved to a length of c. 0.9 m has a curvilinear single prow with 
chamfered edges (AMS 7.1). Numerous fragments of hand made cord decorated pottery and 
human bone are scattered throughout the chambers of this cave.
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Site 13 (Ban Pang Kham) is a spacious cave of moderate length; located beneath steep cliffs 
that overlook the outflow of the stream that drains the Ban Pang Kham doline (Kiemen et al., 
1988: 30 fig. 4). Numerous coffins exhibiting a range of styles and sizes. Samples were 
submitted for dating from a large partly preserved coffin half, at the end chamber that was 
similar in form and dimensions to Lahu Pot Cave coffin 7.2 but with a shallow scalloped 
design on either side of the prow (AMS 13.10); and a coffin base, with an unusual rebated 
edge and different prow designs at either end, one a single faceted "nubbin", the other a double 
prow (AMS 13.9) similar to the prow of the sampled coffin in site 32. One kilometre to the 
south of the Ban Pang Kham cave site were sherd debris associated with an abandoned 
village that included sherds of decorated glazed wares readily identified as Kalong whitewares.
Site 32 (Ummong Cave) is 10 minutes from the Chiang Mai-Mae Hong Song road and 
contains fragmentary coffins, some partly burnt, and collapsed support beams. Samples were 
taken from a fragment of a single prow (AMS 32.1), and from the partly preserved end of a 
double prow coffin (AMS 32.2). Site 3 (Nam Lang Chum Cave) is a small cave in a 
limestone cliff with several coffins up to four meters long on collapsed support structures. A 
sample was taken from a support plank collapsed under one of a coffin with a single prow 
(AMS 3.1). Site 22 (Lahu Village Cave) is a small cave with three coffins up to three meters 
long. The sample was taken from side wall of a single prow coffin (4.1). Site 6 (Sri Soppong) 
is a collapsed cave entrance that has exposed a large log coffin with single prow preserved to 
a length of c. four hundred and fifty centimetres resting on partly collapsed support structure. 
The sample was taken from a side wall of this coffin(AMS 6.1).
A second type of site is represented by site 1 (Ban Rai) located on the southern side of Nam 
Lang about 1 km upstream from its sinking point, and about 200 m above river level. (Kiemen 
et al 1988: 27). Formed from a cave collapse that left an enclosed depression on the hillside 
and protected by a rock overhang, the site consists of a minimum of 30 log coffins ranging 
from one hundred eighty centimetres to over nine meters, and associated support structures 
(Figure 6.4). These coffins are located around the walls of the site on a natural raised terrace 
beneath the overhang. Several of the coffins have been partially burnt. One isolated support 
pole has an carved seated anthropomorphic figure. A red ochre painting on a flat section of 
the wall about three meters above ground-level incorporates several anthropomorphic figures 
and curvilinear designs. Of note is the possible depiction of a log coffin in a motif of two 
parallel strokes with curved ends adjacent to a figure. Two samples from this site were 
submitted for AMS dating: one from the top halve of a large well preserved coffin on partly 
collapsed support structure with single "keyhole" shaped prow (coffin #6 and 3: AMS 1.8); 
and a well preserved two hundred twenty centimetre long coffin half coffin (#12: AMS 1.4).
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Figure 6.4. Region 1, site 1 (Ban Rai) sketch plan of the site with log coffins and structures
sampled for AMS numbered
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A third type of burial encountered in this area is the um burial at site 9 (Bull Cave). This site 
is in a remote cave on a limestone outcrop. Um burials are a type not normally encountered 
in the area. The site is situated in a narrow side passage of the lower chamber of the cave 
and consists of a large jar burial thought to be of a single individual (Figure 6.5). Associated 
with the burial is a small bronze spatula with a distinctive hump-backed bull finial (Figure 
6.6). The burial was crushed by rock fall which fragmented the jar and disarticulated the 
skeleton. From the visible fragments of the handmade jar it is evident that it is of unusually 
large diameter (c. 0.4 metres). The jar burial is a tradition distinct from the log coffin 
practice of the area and its relatively intact context and associations makes it an important if 
isolated site. The burial appears to be a single inhumation. In view of the problematic nature 
of dating bone (e.g., Bowman 1990), multiple samples of the skeleton were taken. The 
samples comprised fragments of the distal end of a left tibia, right ulna, and left calcaneus. 
Physical anthropological examination suggested that all three bones were commensurate 
with that of an adult male (Appendix 4). Each sample was treated to obtain both an organic 
(collagen) and inorganic (apatite) fraction for AMS dating.
Figure 6.5. Site 9 (Bull cave) in section and with the plan of the burial area showing 
fragmentary burial jar and disarticulated bone.
E«it Wm I itd iM  .r
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Figure 6.6. Part o f the site 9 burial assemblage: bronze spatula with a distinctive hump­
backed bull finial (scale 1:1)
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Region 2: Wat Chan, northern Mae Chaem Valley
At the more remote northern end of the Mae Chaem valley on the Bo Luang plateau, a range 
of modem and abandoned Buddhist temples and shrines in the area of Ban Wat Chan 
indicate long term interaction with the Buddhist lowlands (Renard 1981). Trade ceramics 
dating to the fourteenth century AD -and later- in the form of isolated sherds of Chinese 
Ming 16th and 17th century blue on white, and decorated glazed wares from Kalong in 
northern Thailand provide general, though chronologically imprecise, support for the 
duration of this contact. At Ban Wat Chan in the northern ami of the Mae Chaem Valley 
most of the twelve sites were identified as the remains of Buddhist monuments (chedis or 
small hill top shrines). Isolated sherds of trade ceramics dating to the fourteenth century AD 
and later were found (imported Chinese blue on white, decorated glazed wares from northern 
Thailand (Kalong), as well as local (?), earthenware tiles associated with Buddhist structures, 
and domestic wares. A series of mounds along a ridge in the pine forest of this area appeared 
to be artificial. No associated remains were found that could provide a date for these 
earthworks and the possibility remains that they are natural- possibly temiite mounds.
Region 3: Site 3.6 (Ban Chang Mo) western Mae Chaem Valley
A preliminary part of the survey involved assessment of modem and historic Lua burials of 
the area east of Mae La Noi. The Lua village of Ban Chang Mo had until recently continued 
to produce hand made cooking pots of a traditional form (Kauffman 1980). Fragments of 
discarded hand made wares were collected to represent this local fabric. The Ban Chang Mo 
burial ground occupies the flat end of a narrow spur at a distance of about 1.5 kilometres from 
the village (site 3.6). The cemetery of the village had been extensively looted by non-Lua, 
apparently part of the systematic looting for saleable tradewares (Figure 6.7). This cemetery 
has previously been discussed in relation to the continued use of log coffin inhumation among 
the Lua of Ban Chang Mo (Kauffmann 1980). One such log coffin was visible at the extreme 
southern end of the burial ground, and a fragment of log coffin with two inset 1976 10 baht 
coins was also located in the surveyed area (Figure 6.7: m7).
Much of the surface of the burial ground has been disturbed by a series of partly infilled pits 
roughly corresponding to the underlying log coffin inhumations. Digging has also exposed 
recent burial material. Visible on the surface were items of clothing, weapons, hand made 
mussel loading rifles, machetes, and skeletal remains. The range of ceramics represented 
mainly nineteenth century and twentieth century Chinese porcelain bowls (Kitchen Ch'ing 
ware c.f.. Willetts 1981), modem water jars of a type still produced in Chiang Mai, and small 
Japanese handleless "saki" cups, as well as local hand made vessels. Several fragments of 
decorated Kalong ware were exposed at the northern end of the cemetery (Figure 6.7: 13, 20 
36, 44) suggesting the presence of much older burials at this site.
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Figure 6.7. Sketch plan of the modern Ban Chang Mo burial ground (site 3.6) showing size and 
orientation of looters pits and location of disturbed artefacts (numbered).
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Site 3.7 and 3.8 are two caves also investigated in the area of Ban Chang Mo as possible log 
coffin burial sites comparable to those of region one. Neither contained any surface evidence 
of burials. One cave is the drainage point for a doline, has an extremely steep floor (inclination 
c. 45°), and is clearly not suitable for habitation or for burial purposes. Site 3.8 is currently 
mined for bat guano by locals. Hand made sherds present in 3.8 were collected for analysis. 
Three further Lua villages in the area were later visited to identify Lua burial grounds around 
Ban Mae Tho reported in 1971 (Kauffmann 1971). However, the Ban San’am burial ground 
has been subsequently destroyed by reafforestation; and the Khun Khuna burial ground could 
not be not located. Only the Ban Bo Luang burial ground is still intact as reported and now 
includes a Buddhist-type cremation area.
Mae Chaem: Site 3.11
The most northerly of the looted burial sites that could be assigned an early historic date from 
the associated sherds were encountered in the central region of the Mae Chaem valley (Figure 
6.8). The first of these is a small group of graves located on the western ridge of Doi Khuu 
and close to the remains of a Buddhist hilltop shrine. Site 3.1 l(Doi Khuu), is located on a 
saddle of a lightly timbered and steeply climbing ridge. The site is composed of several 
inhumations judging from the rectangular shape of looters' pits oriented north south. Around 
the pits were the fragments of a limited corpus of ceramics that included glazed stoneware 
bowl shards comparable to vessels produced at Sankamphaeng near Chiang Mai (Brown 
1988: 86-9; Nimmanahaeminda 1955; Shaw 1988: 73-80), fragments of distinctive 
decorated earthenware bottles comparable to wares believed to have been made at Lamphun 
also near Chiang Mai (Shaw 1988: 105; Shaw 1989: 103-5), and fragments of hand made
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coarse fabric bowls. Overlooking this burial ground at the edge of a second higher saddle are 
the remains of a Buddhist hilltop shrine (site 3.10).
Figure 6.8: Region 3, site 11. Sketch of the location and plan of the Doi Khuu site showing
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Mae Chaem: Site 3.12 (Ban Mae Satop)
The second site is also on the west side of the Mae Chaem valley and located near the head of 
a small remote valley (Figure 6.10). Site 3.12 (Ban Mae Satop), a circular ring-ditch 
earthwork, fifty centimetres high with a total diameter of fourteen metres, is located on the 
saddle of a low ridge running up from the valley (c.f., Condominas 1990: 6). It is the most 
northern of the ring-ditch burials recorded in the survey. The burial had only recently been dug 
into as evidenced by the fresh appearance of a central, roughly rectangular, pit about one and 
a half metres deep. Information from the local Karen guide was that it had been dug about 
three months before. No trade-ware fragments were found and the guide said that digging was 
abandoned after human ami bones were encountered at the bottom of the pit. Only local hand­
made wares were reported to have been found and fragments of a hand-made, cord-impressed 
cooking pot were found discarded at the edge of the earthwork. The freshness of the pit, the 
location of fragments of the hand made bowl next to the earthworks, and the absence of any 
other sherds support the information about this site and a view that no trade wares were 
recovered. To the north on the valley floor are fragmentary brick remains of a structure 
extensively disturbed by construction of paddy field terracing for wet rice agriculture.
Figure 6.10: region 3, site 3.12. Sketch plan giving the location of the earthwork burial in 
relation to the paddy fields and remains of a brick structure
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Region 4: Omkoi
Further south again, in an area south of Omkoi two sites were located eight hundred metres 
apart along a ridge between the Karen village of Ban Sop Lan and the town of Omkoi. Both 
consist of a complex of simple circular flat-topped mounds as well as large ring ditch 
earthworks similar to the Ban Mae Satop site, but the size of the earthworks are substantially 
larger, in some cases up to 30 metres in diameter. Extensive pitting of the mounds and 
adjacent areas marks the intensive activity of looters. Very few sherds were found directly 
associated with the ring-ditch earthworks. Site 4.1 is a single complex now separated by the 
dirt road (Figure 6.11). It consists of circular earthworks of varying dimensions dispersed over 
an area of several hundred meters. Ceramic fragments were rare and found in highly localised 
areas around the looters pits. Several glazed stoneware bowl fragments, unglazed jar and 
earthenware bottle fragments as well as coarse hand made cooking pot fragments were 
recovered from the vicinity of only two earthworks. No fragments were found near the largest 
and most extensively dug over earthwork at this site.
Site 4.2 is located eight hundred meters to the north of 4.1. The earthworks of 4.2 are more 
tightly concentrated in a smaller area of the ridge top. A large quantity of sherds were found in 
a small area between the earthworks and the adjacent dirt road and comprised a range of 
glazed and unglazed stoneware sherds. Like the mounds, this area had been extensively dug 
over. But the digging in the area adjacent to the road evidently followed the exposure of the 
deposit by a bulldozer engaged as part of road works, and that had also dragged sherds along 
the track for up to fifty meters. The location of the deposit between the earthworks and the 
road and the mixed nature of the sherds suggested that it was a sorting and discard area for 
wares dug up from the adjacent earthworks associated with the first phase of looting. The 
recent reworking of the deposit illustrates the opportunistic fossicking processes still operating 
in the region. The sherds included Chinese blue and white decorated porcelain, Sawankhalok 
high temperature green glazed celadon from the later sixteenth-early seventeenth century AD 
phase of production, lead glazed earthenwares both plain white and with green floral 
decoration, brown glazed and unglazed stoneware jars, and northern Thai glazed wares.
These included glazed plain and decorated bowl fragments of typical Kalong white fabric and 
design, fragments similar to Sankhampaeng or Phayao wares, and decorated earthenware 
bottles of Lamphun (Haripunchai) type. In addition a range of hand made coarse fabric 
cooking pot sherds were recovered.
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Figure 6.11. Region 4, site 4.1. Ring ditch earthworks on either side of the track between 
Omkoi and the Karen village of Ban Sop Lan (black areas indicate looters pits). Note the track 
has been diverted to avoid the largest of the burial mounds.
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Figure 6.12. Region 4, site 4.2. Ring ditch earthworks adjacent to the track between Omkoi and 
the Karen village of Ban Sop Lan (note most sherds collected from fossickers pits adjacent to
track).
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Region 5: Tak and Umphang
Apart from the reported association with trade ceramics no attempt has been made to assess 
the chronological range of the upland burials. An opportunity was provided by AMS dating of 
two bimetallic spear heads with iron blades and bronze hafts, conserved at the Ceramic 
Research Centre, Chiang Mia University. The bronze hafts are decorated with a raised band 
composed of several parallel rings and the iron blades are lentoid in section (Figure 6.13).
The spear heads were collected along with fragmentary tradeware bowls from freshly looted 
burials in 1986 and were assumed to have been part of the grave goods associated with the 
tradewares. Remains of the wooden shaft and resin glue preserved between the iron tang and 
the bronze where sampled from AMS dating. As the spear heads were collected from looted 
burials with large quantities of trade wares AMS dating of the samples provided an 
opportunity to test the proposed chronological range of the burials (i.e, 1300-1650 AD).
Umphang
The most southerly site of the upland survey is site 5.16 adjacent to the Hmong village of 
Ban Umphiang Sii Khao on the road connecting Mae Sot and Umphang. This site was 
reported as one of many in the area and typical of the southerly upland burial monuments 
(Rau and Hughes 1985). Located on a low, gently sloping ridge on the eastern side of a 
small flat bottomed valley, the burial ground is on gently sloping ground above and behind 
the modem Hmong village located on the valley floor. Like the earthwork sites in region 4, 
the Umphiang site consists of several circular earthworks all extensively pitted by looting 
(Figure 6.14). The site has one ring-ditch mound with an overall diameter of approximately 
fifty metres, the largest of the ring-ditch burials surveyed. It comprises an inner circular area 
(diam. twenty five metres) levelled and built up three metres on the western down slope side 
and about 1.25 metres on the uphill side. The inner circle is surrounded by a U-shaped ditch 
nine metres wide from the perimeter of the inner circle to the top of the surrounding 
embankment. The embankment delineating the outer circumference of the earthwork extends 
for a further 3 metres. Several smaller mounds, varying from ten to twenty-five metres in 
diameter, were located in the immediate vicinity.
Very few sherds were found associated with any of the earthworks. A large quantity of sherds, 
however, were located over seventy metres north of the earthworks beside a walking track 
(Figure 6.15). They occurred in a small area that had been extensively dug over. In this area 
sherds were scattered both on the surface and exposed in the side of diggers' pits. The position 
and mixed character of the sherds suggests that, like the Omkoi site, it was a sorting and 
discard area associated with the initial phase of looting. The entire area had been extensively 
dug over without regard to the location of earthworks and it can be surmised that ease of 
access to this site facilitated the intensive character secondary of fossicking activity.
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Figure 6.13 Region 5, Tak burials. Two spear heads sampled for AMS dating (Tak 1 and Tak 
2) collected in 1986 from the vicinity of tradeware burial sites in the Tak area. Now conserved 
in the Ceramic Research Centre, Chiang Mai University.
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Plate 6.14. Region 5, site 5.16. Ring ditch earthworks ca. 1500 metres south of the modern 
village (note black areas indicating looters pits and area in the lower right hand corner 
adjacent to track where the majority od samples were collected).
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The ceramics were predominantly high temperature green glazed bowl fragments of the later 
Sawankhalok phase. Sherds also included unglazed stoneware jars with double spiral applied 
decoration, and smaller quantities of glazed underpainted bowls from Sukhothai (Figure 6.16). 
The collected sherds also included Chinese blue and white porcelain bowls, Burmese lead 
glazed earthenwares, a distinctive type of decorated earthenware vessel with impressed 
"feather" decoration, and unglazed earthenware jars.
Figure 6.15. Region 5, site 5.16. Sketch plan of sherd sampling location over seventy metres 
north of the earthworks, indicating diggers pits and sherd locations.
Figure 6.16. Region 5, site 5.16. Sherds collected from locus 22
Sawankhalok whiteware
Sukhothai decorated wares
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Results
Calibration of the AMS results was done with the Calib 3.0 radiocarbon calibration program 
for the PC (Stuiver and Reimer 1993).
AMS dates: Region 1, site 9 (the Bull Cave jar burial)
The calibrated range of the six AMS dates for the skeleton associated with the jar burial is 
3200-1400 BP at 95% confidence (Figure 6.17). The consistently younger dates of the 
inorganic fractions suggests contamination from more recent CO2 and a reduction in their 
apparent age by about seven hundred years. Similarly the sample from the left calcaneus is 
consistently younger in both the organic and inorganic fractions. This sample was the most 
degraded of the three but the possibility that it belongs to a second more recent skeleton cannot 
be excluded. The mean calibrated date for the remaining two organic dates is 2780 BP (2876- 
2749 BP at 68% confidence) (Figure 6.18).
Figure 6.17: Region 1, site 9. Calibrated dates for the inorganic (blue bars) and organic 
(yellow bars) fractions of bone samples from the jar burial, Bull Cave, Nam Khong. Black 
bars represent range at 95% confidence, coloured bars represent range at 68% confidence.
Calibrated Years BP
Figure 6.18: Region 1, site 9. The pooled average ^C  dates for the organic (yellow) and 
inorganic (blue) fractions of 1.1 and 1.2 from the jar burial, Bull Cave, Nam Khong. Black 
bars represent range at 95% confidence, coloured bars represent range at 68% confidence.
3300 3100 2900 2700 2500 2300 2100 1900 1700 1500
Calibrated Years BP
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AMS dates: Region 1 (Log coffins) and region 5 (the Tak spearheads)
The AMS results (figure 6.19) for the fourteen coffin samples range from 2200 BP to 1200 
BP. The earliest date of 2240 BP for the large coffin from the Lahu Pot Cave corresponds to 
the dated coffin from Ongbah Cave, Kanchanaburi Province (2140 BP). But the majority of 
the Nam Khong samples belong to a more recent period and extend over a narrow range 
(1700-1400 BP) with an average calibrated date of 1580 BP. The latest date in the Nam 
Khong group is 1270 BP and this date approaches the earlier of the two AMS dated spears 
from Tak with calibrated ages of 1020 BP and 725 BP.
Figure 6.19: Region 1. Calibrated AMS dates for the Nam Khong log coffins (yellow bars), 
the pooled average for the organic bone fractions from the jar burial (red bar), and the Tak 
spears (purple bars). Also included are dates for other Southeast Asian log coffins (white 
bars) Black and grey bars represent range at 95% confidence, coloured bars represent range
at 68% confidence.
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The ceramic sample
From the total of 550 sherds recorded during the survey a selection were collected for 
analysis (Figure 6.20). Regions 4 and 5 are the best represented both in number of sherds 
and collected sample. As a whole the burial sherd samlpe is a quarter of the overall number 
samples analysed in this study and provides a substantial body of data relative to the 
material from production sites. A range of ware types comprise the sample and include glazed 
and decorated stoneware bowls, unglazed stoneware jars, and wheel-made and hand-built 
earthenwares. As discussed in Chapter 5 comparisons between samples must be done within 
the same class of ware as different technologies can greatly affect the overall composition and 
elemental range of a particular type. In the following sections the provenance of the burial 
wares is established by comparing each class of ware over the burial and production complex 
data.
Figure 6.20. Proportion of ceramic samples collected and analysed from each upland survey
region.
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PCA of the elemental analysis for ceramics from upland burials by ware: Glazed 
stoneware bowls
The PCA of bowl analyses indicates that the dataset contains several groups with little overlap 
(Figure 6.21). For a number of these, such as the Chinese porcelains and the Sawankhalok A 
and B compositions, there is a clear correspondence between elemental and typological 
groups. For others elemental analysis provides a means of identifying very small samples that 
are otherwise typologically non-diagnostic. Of particular interest in this respect are the two 
northern Thai groups (A and B).
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Figure 6.21. Dispersion plot of component 1 and 2. Bowl fabrics from central northern Thai 
production complexes and upland burials with objects labelled by production complex or
chemical partitions
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When combined with samples of bowls from known production sites these two groups 
correspond to the area occupied by Sankamphaeng and Phayao bowls (Figure 6.22). But at 
this scale the distinction between the two elemental ranges of these production sites is 
indeterminate.
Figure 6.22. Dispersion plot of component 1 and 2. Comparison between glazed stoneware 
bowls from production sites and upland burials
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In a PCA of a subset that combines the Sankhampaeng and Phayao bowls a clear separation 
exists between the two production centres (Figure 6.23). The eigenvalues for the elements of 
this analysis indicate that the separation reflects higher Si for the Sankhampaeng bowls. The 
wares from both sites can be further partitioned; a Sankhampaeng subgroup (Sankam B) has 
high K; and a Phayao subgroup (Phayao B) has high A1 and F. Most of the Sankam B 
samples come from the Huai Mo production complex suggesting that this is also the 
production locality for the remaining members of this partition collected in the 
Sankhampaeng area that are without a specific context.
Figure 6.23. Dispersion plot for the first and second PCA components for the Phayao and
Sankhampaeng glazed wares.
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In a PCA of the combined Phayao and Sankhampaeng dataset with the burial bowl dataset 
none of the burial samples overlap with the Phayao range (Figure 6.24). However, while a 
match might be expected between Burial A and B, and Sankamphaeng A and B, at this scale 
the burials now form less discrete groups than when compared to the overall northern Thai 
bowl data. Sankam A and Burial B act as end members for the Sankhampaeng 
compositional range with the remaining two groups interspersed between. Note that few 
burial samples overlap Sankhampaeng A. The difference between the compositional 
structure of the samples from the Sankhampaeng kilns and the upland burials suggests the 
burials contained wares from a greater number of Sankhampaeng production complexes than 
represented in the Sankhamphaeng sample. While beyond the objectives of the present study 
resolution of the compositional complexity of the Sankhampaeng material would require 
more intensive sampling and analysis.
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Figure 6.24. Dispersion plot of component 1 and 2 for analyses of bowls from Phayao and 
Sankhamphaeng and the upland burials (PCA partition A and B)
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Lead glazed bowls
Six samples from region 4 and 5 are of a type ascribed to Burmese production (Di Crocco 
1985) but a more precises origin for these wares has yet to be determined. In this section I 
compare the elemental fabric composition of burial samples with the dataset of analyses of 
samples of known provenance in Burma presented in Chapter 5. For the analysis comparison 
is made between wares from different regions so Canonical Variate Analysis (CVA) is 
employed to measure between-group similarity. From the CVA it is evident that only the Pegu 
C/Lagumbyee/Pagan C group match the lead glazed bowls from the burials (Figure 6.25).
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Figure 6.25 Dispersion plot of canonical variates 1 and 2 for fabric analyses of Burmese and 
lead glazed wares from the upland burials
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In Chapter 5 I argued that the Pagan C wares were produced at Pegu. By removing the 
samples from Pagan to reduce the scale of compositions analysed, a PCA on of the subset 
shows that the burial wares correspond to the Pegu group C fabrics (Figure 6.26). As the 
majority of the Pegu group C sample are also lead glazed earthenwares this match suggests 
that the Pegu C range reflects specialised production at this site.
Figure 6.26. Dispersion plot of component 1 and 2 for fabric analyses of Burmese and lead 
glazed wares from the upland burials with the Pagan analyses removed
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Jars: comparison between the burials and Thai, Burmese and Lao production centres
The identification of jar types remains one of the most problematic aspects of the burial 
assemblages. In this section the composition of jars from the burials in region 5 (Umphang, 
Doi Musser), and region 4 (Omkoi) are compared with that of jar fabrics from production 
centres in Thailand, in addition to samples from Laos and Burma. The objective of using 
samples from diverse regions in Southeast Asia is to establish how well the analysis can 
discriminate between gross regional differences. For the comparison Canonical Variate 
Analysis is again initially used for a between-group comparison of jar compositions (Figure 
6.27).
Figure 6.27. Dispersion plot of canonical variates 1 and 2 for labelled jar compositions from 
upland burials and production sites of northwestern Thailand.
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The Canonical Variate analysis suggests that the majority of jars samples from the upland 
burials in region 4 (Omkoi), and region 5 (Doi Musser and Umphang) are compositionally 
most similar to jars produced at Sawankhalok. This relationship is examined in more detail 
in a PCA of a subset that combines upland jars with Sawankhalok and Sukhothai jars 
(Figure 6.28). Note that two glazed bottle fragments recovered from excavation of a 
Sukhothai kiln (Grave and Sutthinet 1994) are evidently of Sawankhalok origin. The scatter 
of the burial jar data can be partitioned into two groups (Burial Jar A and B). The 
Sawankhalok jar compositions only overlap with the Burial Jar A group. The remaining 
group B is not otherwise represented in the production site dataset.
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Figure 6.28. Dispersion plot of components 1 and 2 for A and B jar compositions from upland 
burials and Sawankhalok and Sukhothai, northwestern Thailand.
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In a PC A comparison of the Sawankhalok and upland Jar groups A and B, with the Burma 
dataset, the Sawankhalok and Group A wares are compressed into the central region of the 
Burmese compositions. On the first and second components Burial jar Group B overlaps 
with Pegu B suggesting Pegu is also a possible origin for this group of upland jars (Figure 
6 .29) .
Figure 6.29. Dispersion plot of component 1 and 2 for Burial Jar A and B, Sawankhalok and
Pegu Jars labelled by type.
■ Burials A ■ Burials B ■ Sawank ■ Pegu A ■ Pegu B • Pegu C
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However, the dispersion plot for the second and third component of the same PCA indicates 
that the Pegu B compositional range is distinct and does not overlap with the Burial Jar 
Group B (Figure 6.30).
Figure 6.30. Dispersion plot of component 2 and 3 for Burial Jar A and B, Sawankhalok and
Pegu Jars labelled by type.
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The possibility of local manufacture of the Group B stoneware jars is addressed through 
comparison with the composition of local upland earthenwares. As a preliminary stage of the 
analysis the earthenware dataset is analysed separately and includes all upland earthenware 
samples (labelled by region) as well as earthenwares sampled from production centres in 
Thailand. The range of earthenwares include handmade cooking pots and impressed vessels 
that vary in the quantity and type of inclusions visible. The dataset also includes the Ohio 
Red Clay analyses as a scale for the scatter of the earthenware compositions. The dispersion 
plot for the first and second principal components indicates that little distinction is evident 
between the upland earthenwares and the lowland earthenwares with the exception of the 
Sukhothai fabrics (Figure 6.31). The range of inclusions in the earthenwares in part 
accounts for the spread of the earthenwares relative to the ORC standard. But the spread is 
also likely to reflect the effects of local depositional conditions as the earthenware fabrics 
absorb elements leached out of the soil matrix. This effect is particularly evident for a bowl 
sample from region 3, an outlier with unusually high sodium and potassium. This bowl was 
collected from a cave mined for bat guano, and has evidently taken up sodium phosphate 
from this source. For the next stage of analysis where the Group A and B stoneware are 
compared with the upland earthenwares the upland earthenwares are treated as a single 
compositional group.
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Figure 6.31. Dispersion plot of component 1 and 2 for upland earthenwares labelled by survey 
region and lowland earthenwares labelled by production site. The repeat ORC standard 
analyses are included as a scale for the earthenware scatter.
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In the PCA of upland earthenwares and the A and B partitioned jars the dispersion plot of 
the first and second component indicates that the Group B jars and earthenwares have 
common members (Figure 6.32). The overlap is partial and the majority of earthenwares 
spread over a greater range than the Group B jars. The earthenwares common to the Group 
B field are wheel made, well levigated fabrics distinct from the handmade cooking pots and 
roof tiles that form the remainder of the earthenware group. Thus, rather than providing 
evidence of a local origin for the Group B jars the data indicates that the wheel made 
earthenwares have been mis-identified and in fact belong to the otherwise unattributable 
Group B jars. Thus, while two compositional groups are present in the upland jars and one 
of these can be given a Sawankhalok provenance, it is not possible to resolve the origin of 
the Group B burial jars within the present study.
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Figure 6.32. Dispersion plot for the First and second components with objects (above) labelled 
according to decorative type, and corresponding variable loadings (below). Note the extreme 
earthenware outlier to the bottom right of the dispersion plot is the hand made bowl from the
bat guano cave of survey region 3.
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"Haripunchai" bottles
The origin of the earthenware bottles with geometric overpainted designs has yet to be 
established. By comparing the fragments collected from the burials with pottery and 
architectural fragments from Lamphun (ancient Haripunchai) I sought to check or confirm 
Shaw's argument that the bottles were manufactured at Lamphun (1988). To assist the 
comparison of differences between the wares I have included the ORC standard analyses as 
a measure of scatter for an homogenous sample. The dispersion plot of the PCA indicates an 
elemental partition between the Lamphun wares that corresponds to a typological division 
between vessels and architectural fragments (Figure 6.33.). What is perhaps surprising about
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the PCA is that the vessels, of a course fabric, form a tight cluster comparable to the ORC 
group, while the two architectural samples are closest to the bottles. The scatter of the 
bottle-architectural group cannot be accounted for as the result of variation in inclusions as 
bottle fabrics are very fine and well levigated. Relative to the ORC group, however, the 
bottle-architecture group exhibit a scatter similar in spread to the repeat analyses of the ORC 
standard. This suggests that the group were manufactured from the same or similar clays and 
the link with architectural fragments from Lamphun suggests supports a conclusion that the 
bottles were manufactured at this site. The significance of Lamphun as a Mon religious 
centre and the link between temple fittings and bottles thought to have had some ritual 
purpose can only be alluded to here, but is a connection that is worth further sampling and 
analysis.
Figure 6.33. Dispersion plot for the first and second components with objects (above)
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Conclusions
This chapter has described a diverse range of upland sites and materials that have required 
equally varied methods of sampling and analysis. These have included AMS dating of log 
coffin and bone samples from the survey and sampling of occupation and burials sites, and the 
compositional analysis of a sample of the ceramics collected during survey. In Chapter 5 
elemental analyses were used to gauge technological developments and environmental 
constraints on stoneware production at sites in Northwest Thailand. In this chapter ceramic 
analysis has been used to confirm the identification of wares from the upland burials and 
develop a characterisation for samples with an unknown origin. The chronometric results of 
the survey have also provided a new dimension in the interpretation of the dynamics of upland 
occupation is relation to lowland developments.
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Region 1 burials
The long term occupation of the Nam Khong cave sites, as indicated by the excavations at 
Spirit Cave, Banyan Valley Cave and Steep Cliff Cave, ceased with the beginning of the main 
log coffin phase around 1600 BP. Between the two is the Bull Cave burial. The dating of this 
site and its associated bronze figurine provides the evidence for the earliness of contact 
between upland and lowland in mainland Southeast Asia by around 900 BC (e.g., Higham 
1988: 306-14). The form has parallels with humped bulls from Ban Chiang dating to the 
Middle and Late periods (Labb6 1985: 38) and the appearance of bronze in this remote part of 
the uplands is almost as early as at adjacent lowland sites in northern Thailand (Bellwood 
1992: 118-20). The majority of the AMS dates for the log coffin samples belong to a 
relatively short period of about three hundred years. Differences in the size and elaboration of 
the log coffins do not appear to be time dependant and little typological significance can be 
attached to the one early date in the Nam Khong series. The Lahu Pot Cave coffin while 
comparatively large, is within the range of coffins that date to the main phase. As variation in 
the size and finish of coffins, especially within the main cluster, cannot be related to any trend 
through time differences in size and elaboration are most likely to have had a symbolic 
function such as an indication of status.
The similarities between the log coffins of Nam Khong and those reported in Kanchanaburi 
Province suggest broad continuities in this upland burial practice. The stylistically 
differentiated but contemporary burials of the Nam Khong area indicates that they had a 
social status function similar to that proposed by Sprenson for the Kanchanaburi coffins on 
the basis of a single date (1973, 1979). Substantial stylistic distinctions between the Nam 
Khong coffins and those reported by Sprenson (1988, plates 17, 37.4 a & b) suggest a degree 
of local autonomy with limited interaction between upland groups. Sechuan has been 
suggested as a likely homeland of these early log coffin groups (Sprenson 1973) and the one 
early dated Nam Khong coffin seems to fit with an overall regional pattern of dated coffins 
perhaps reflecting an initial movement of groups out of Southwest China. From the lack of 
overlap between the one early date and the remainder of the Nam Khong series it could be 
envisaged that the later dated coffins are the product of a second displacement "event". 
However, both the early and later coffins of the Nam Khong region are stylistically closer to 
themselves than to those of the more southerly Kanchanaburi Province, suggesting a sampling 
bias rather than a real lacuna.
The end of the Nam Khong log coffins in the third quarter of the first millennium coincides 
with the marked expansion of lowland developments in trade and exchange at this time (e.g., 
Higham 1988). The movement out of more isolated areas of the uplands coincides with the 
growth of lowland urban centres in mainland Southeast Asia and intensifying regional 
exchange. This would be an expected result of peripheralisation where upland groups were
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drawn into contact with regional patterns of exchange. The continuation of log-coffin burials 
in the more southerly areas of the uplands in Omkoi (region 4) is evidence that the practice did 
not die out in areas closer to adjacent lowland centres in the region.
The earthwork burials
The origins and cultural affiliations of the ring-ditch burials are obscure and further 
complicated by looting. The concentration of sherds in small areas away from the burial 
mounds in Region 4 at Ban Sop Lan 2 and Region 5 suggested that diggers at these sites first 
brought finds to a central area before discarding fragmentary vessels. The absence of imported 
ceramics at some of the earthwork burials, (e.g. the Ban Mae Satop site of Region 3) is 
problematic because of the possibility of total looting with sorting and discard occurring 
elsewhere. There is little direct evidence to suggest that earthwork burials predate the 
introduction of trade wares. Calibrated dates for wood preserved in the hafts of the spear 
heads from region 5 spans the period of the introduction of tradeware: AD 900-1000 and 
1050-1300 (radiocarbon dates: 1122±79, 832± 110 BP). If the Region 5 provenance is 
accepted for the dated spear heads then we can infer continuity in this types of weaponry in 
the area prior to the introduction of trade wares ca 1200 AD (e.g. Pitiphat 1992).
While circular earthworks have been noted in Southeast Asia monumental ring-ditch burials 
have not been reported elsewhere. Arguments that all circular earthworks in Southeast Asia 
are comparable to the ring-ditch burials of the Thanon Thongchai uplands and reflect the 
cultural practices of the same or similar groups (Satyawadhna 1992), have yet to be 
demonstrated. The lowland displacement of Mon-Khmer groups occupying both uplands and 
lowlands in Northwestern Thailand by Tai around the twelfth century AD (Tambiah 1976), 
provides some historical context for the distinction between upland and lowland burial 
practices. The introduction of wet rice agriculture with its requirement of level paddy field, 
predominant in the Southeast Asian lowlands throughout the historical period (Stargardt 
1986), may be a factor in the apparent absence of ring-ditch burials from lowland contexts. 
Lowland polities and supporting communities reliant on wet rice agriculture would also have 
employed Buddhist mortuary ceremonies where cremated remains were rarely preserved. But 
the absence of modem parallels for earthwork burials has contributed to a lack of consensus 
about the groups responsible and their possible original extent. The likely interplay between 
upland geography and the instability inherent in upland societies further complicates the 
association of particular groups with a specific cultural practice(e.g. Leach 1964).
The survey has indicated the wide extent of ring ditch earthworks in the uplands ranging form 
region 3 to region 5. But the imprecise relationship between the earthworks and ceramics
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allows two equally plausible interpretative framework. This will be taken up in the following 
Chapter.
The Ceramics
Three points emerge from the compositional analysis of the upland ceramic sample. Firstly, 
the major classes of ware (i.e., glazed-ware bowls, unglazed jars, and decorated earthenware 
bottles) do not share the same distribution pattern. Secondly, the character of distribution is 
related to the number of sites producing the same types of wares. Reduction fired stoneware 
glazed bowls, produced at a number of sites in central northern and northern Thailand, are 
the class with the clearest distribution in regions adjacent to the production areas. 
Sankamphaeng bowls and Kalong whitewares occur in regions 1, 2, 3, and 4, while 
Sawankhalok and Sukhothai wares are largely restricted to region 5. Conversely the 
Burmese lead-glazed wares of Pegu occur in region 5,4, and were traded as far as Ban 
Xiang Hai in northern Laos. Thirdly, the character of distribution evidently reflects 
functional differences between different ware types. The ritual "Haripunchai" bottles 
produced at Lamphun occur as far south as region 5 while the distribution of Sawankhalok 
jars extends beyond that of the glazed bowls into region 4. By inference the wide upland 
distribution of group B jars should also reflect the specialised production of a singular 
centre, probably in central Burma, and possibly at a site such as Martaban. The implications 
of the compositional study of the upland ceramics will be discussed in the concluding 
section of this Chapter.
The analysis of the ceramics from the burial sites allows the construction of discrete 
consumption patterns that evidently relates to the type and function of the exchanged wares. 
Predominant in the northern survey regions 1, 2, 3, and 4, are glazed whitewares from 
Kalong and slipped wares from Sankhampaeng while the glazed whitewares of 
Sawankhalok and slipped wares of Sukhothai are largely restricted to region 5. The 
relationship between whitewares and slipped wares in the uplands has not been previously 
noted. It is consistent with the operation of a relative economy where locally produced 
whitewares had higher value (albeit prestige) than locally produced slipped wares.
Glazed stoneware bowls are the most commonly produced ware in the region and may 
represent the currency on which competitive emulation between centres was based.
However, the association between whitewares and slipped wares suggests that the two were 
used together. Whether this association implicates traders with a range of differentially 
valued wares obtained from a number of local production centres or direct procurement, the 
operation of "market"-type patterns of consumption (e.g., Henry 1991; Thompson et al 
1994: 320-333) further undermines the proposed tribal and subsistence base of upland 
economies employing ritualised exchange (c.f., Foster 1977; 12-16).
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For the fine decorated earthenware bottles the elemental analysis has allowed a reasonable link 
to be constructed between the upland examples and Lamphun. Unlike the glazed bowls 
"Haripunchai" bottle fragments were found from region 3 to 5 of the survey areas suggesting a 
consumption pattern distinct from the bowls. The ritual significance of this distribution pattern 
will be taken up in the following Chapter. For the present discussion however, this pattern is 
clearly distinct from glazed bowls as trader-distributed wares and suggests a different 
mechanism for distribution. Unglazed stoneware jars are the last major class of imported ware 
represented in the upland burials. Surprisingly, only Sawankhalok could be identified as a 
likely source for one of the two compositional groups of upland jars. Like "Haripunchai" 
bottles the Sawankhalok jars were distributed beyond the range noted for glazed bowls and 
occurred both in region 4 and 5. However, while the ritual association of the earthenware 
bottles with Haripunchai is missing, the function of the stoneware jars as burial containers 
(e.g., Hein, Barbetti and Bishop 1988), suggests that they may also represent a specialised 
ritual item.
The same distribution in region 4 and 5 was noted for the stoneware jars from an unknown 
source. Comparison with wares from most of the Thai production centres indicated that 
Thailand was unlikely as the region of origin. Neither could the Group B jars be matched with 
a Burmese dataset. But as the Bumiese dataset represented an extremely limited sample 
further work would be required to develop the level of representativeness equal to the Thai 
dataset. Sites such as Martaban are highly likely as sources for some of the upland jars and 
would warrant further investigation and sampling. Thus the two jar groups, while functioning 
as burial containers, also appear to represent competition for upland consumers between 
Sawankhalok and an as yet unidentified, probably Bumiese, source.
With the exception of a few fragments of Sawankhalok whitewares recovered from region 
four, the majority of Sawankhalok wares came from region 5. These wares all belong to the 
later sixteenth century-early seventeenth century phase of production and serve as an indirect 
chronological marker for the Umphiang site. The association of Sukhothai glazed wares with 
the later phase Sawankhalok sherds in region 5 is an unexpected result of the survey work. 
Both Sukhothai kilns and glazed wares from shipwrecks indicates that stoneware production 
at this site was active in the fifteenth century and contemporary with the earlier phase of 
production at Sawankhalok. However, the occurrence of whitewares and slipped wares 
together in both regions irrespective of the production centres suggests an underlying 
complimentary relationship between these two classes of good. A 16th-17th century local 
association of Sawankhalok and Sukhothai wares at a time when Sukhothai had long since 
disappeared as a producer of international tradewares is not improbable. I would argue that 
the earlier conditions that favoured the supra-regional trade of Sawankhalok glazed wares
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also favoured Sukhothai wares. In the following period when the later final phase of 
Sawankhalok production, the distribution of Sukhothai wares returned to the more localised 
pattern typical for other producers in the region.
In this Chapter I have argued for a level of economic integration beyond the subsistence 
strategies previously proposed for these groups that can be surmised from the used the 
upland evidence. The Chapter following develops the political context for the upland groups 
contemporary with the trade ware period.
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Chapter 7
The political economy of upland lowland interaction
In the preceding chapter I established measures of interaction between upland and lowland 
groups, through the timing and distribution of log coffin burials in Mae Hong Son province 
and further south in the Omkoi uplands (survey region 4), and through the distribution of 
tradewares. In this chapter I argue that within the range of Buddhist monuments in the uplands 
of Northwest Thailand, a series of abandoned chedis are valuable indicators of political 
interactions with lowland centres between circa. AD 1300-1650. The character of upland 
burials reflects the level of participation with lowland groups at this time. Proximity to 
lowland trade ware production centres and the extent of socio-political integration with 
associated lowland Buddhist polities, are used to discuss the geopolitical significance of the 
upland Buddhist ruins. The level of integration between upland groups acheived by Chiang 
Mai, forms a strong contrast with the more aggressive approach of Ayyuthaya in central 
Thailand. Lowland ethnic and political factionalism, and differences in upland political 
formations, are presented as formative factors of the now obsolete landscape of coercion and 
resistance represented by the upland monuments. For this region of mainland Southeast Asia, 
an archaeology of landscape is proposed as a productive alternative to the evocative but 
archaeologically problematic concept of the mandala polity discussed in Chapter 2.
The interwoven character of the political, symbolic and spatial dimensions of material culture 
has been investigated in a range of studies under the rubric of 'the archaeology of landscape' 
(e.g., Barker and Lloyd 1991; Barrett, et al. 1991; Bender 1993; Cherry 1987; Ingold 1987; 
Ingold 1993; Knapp 1995; McGuire and Paynter 1991; Reeves-Smyth and Hamond 1983; 
Wagstaff 1987). In the following discussion, the Buddhist practice of merit making through 
temple construction and rejuvenation (Byrne 1993) provides the perspective for an 
archaeology of landscape in mainland Southeast Asia. I suggest that the spatial relations 
expressed in a series of mined Buddhist chedis, and non-Buddhist burial practices in the 
uplands of northwestern Thailand, are an important source of evidence for complex political 
interactions with adjacent lowland centres. These relations serve both to characterise and 
differentiate between the political behaviour of lowland inland polities in an important 
transitional period of continental Southeast Asian history that is still poorly understood.
The strong relationship between the secular and sacred in Buddhist polities of Southeast Asia, 
parallels that of the monarchy-Sangha of South India (Prematilleke 1989). Unlike South India, 
where the spatial arrangement of monuments is argued to have evolved gradually 
(Bandaranayake 1989), the use of the Buddhist monument in Southeast Asia incorporated 
short term objectives, marking the ephemeral territories of particular rulers (Tambiah 1976).
The uplands of continental Southeast Asia provide a marked geo-political contrast to lowland 
social transformations, most clearly as a setting for non-Buddhist swidden agricultural and 
foraging groups (Kunstadter 1978; McKinnon 1986).
Upland areas adjacent to the lowland religious and political centre of Chiang Mai, contain 
abundant evidence of abandoned Buddhist monuments, in association with non-Buddhist 
forms of burial. In upland areas closer to lowland polities, controlled from the central Thai 
city of Ayutthaya, Buddhist monumental remains are absent from a landscape in which large 
scale, distinctly non-Buddhist monumental burials dominate. In the uplands differential access 
to prestige goods could be expected to effect the extent to which upland groups developed 
aggrandising strategies through displays of power and prestige (Foster 1977; Kipp and 
Schortman 1989; Wells 1987). The distribution of a series of Buddhist monuments in the 
uplands are related to socio-political peripheral interactions between competing lowland 
Buddhist powers and upland groups in northwestern Thailand at the transition to the early 
modem period (Figure 7.1). I argue that the symbolic and political associations of these 
monuments can be used to formulate distinctions between the political economies of the 
lowland polities, centred on Chiang Mai and Ayyuthaya. The results of the study suggest that 
addressing the socio-political dynamics of this period through the analysis of contemporary, 
though now obsolete, political geographies, is a more productive alternative to the evocative 
but abstract concept of the marídala.
Sangha and State: Buddhism and power in mainland Southeast Asia
The role of Buddhism in the legitimisation of power is a well-recognised component of 
historical Southeast Asian polities, where the ruler assumed the role of divine representative 
(Aung Thwin 1976; Ishii 1986; Smith 1978; Smith and Reynolds 1987; Swearer and Premchit 
1978; Tambiah 1976). Following the introduction of Therevada Buddhism around the seventh 
century AD, the main religious developments in central northern Thailand in the historical 
period involve geo-political distinctions between Sinhalese Buddhism, introduced to central 
northern Thai polities around the mid fourteenth century AD, and a fusion of Therevada 
Buddhism and the Angkor Khmer Brahmanical royal cult from the later fourteenth and early 
fifteenth century AD at Ayyuthya in central Thailand.
These geo-political divisions also have a basis in the region's ethnic differences. Mon-Khmer 
speaking groups established an early form of Therevada Buddhism -Devaravati- at a centre 
around Lopburi in central Thailand. Extending north, these groups later become firmly linked 
to the foundation of the northern towns of Phrae, Lampang and Lamphun (Tambiah 1976). 
From the mid thirteenth century, the kingdom of Sukhothai in northern central Thailand 
developed its own strong local tradition of Sinhalese Buddhism, which continued even after its
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political defeat by Ayyuthaya in the early fifteenth century. Conventionally, the Ayutthayan 
court, maintained to be ethnically Thai, are held to have strengthened the role of the ruling 
elite by adopting additional Khmer political forms, the Khmer royal cult and attendant 
officiating Cambodian Brahman priests, as well as Khmer art styles, systems of writing and 
honorific titles (e.g., Tambiah 1976: 97). In the north, Chiang Mai continued its ties with 
traditional Sinhalese Buddhism (Swearer 1987). These religious distinctions are reflected in 
long term political and economic divisions within the area, with Chiang Mai only nationalised 
under Mongkut in the later nineteenth century (Wyatt 1984). The question of ethnic 
boundaries (e.g., Barth 1969) is relevant to how we interpret the relationships between 
lowland and upland groups in the tradeware period. Assumptions underpinning the movement 
and subsequent history of the Thai in the region have been challenged (Reynolds 1995).
In standard historical interpretations, the Thai are postulated to have originated in the area of 
northern Vietnam and Kwangsi, and infiltrated West into Southern China and South into 
mainland Southeast Asia. Their rise to power is placed in the 12th and 13th centuries, with 
numerous small groups or conquering warrior bands progressively assimilating with 
indigenous Mon-Khmer speakers, until ultimately occupying a large area of what is now 
modem Thailand (Chamberlain 1975; Coedes 1968: 189; Wyatt, 1984). In these 
interpretations Southeast Asian political development in the first half of the second millennium 
is characterised as a rapid succession of independent centres under Thai control. In this 
aggressive, factional, and acquisitive environment Buddhist doctrine was subordinated to a 
highly particularised and local interpretation rather than providing socio-political commonality 
amongst peer polities (Mabbett 1977; Reid 1993a; Reid 1993b; Tambiah 1976: 124;
Wolters, 1982). The rise of Ayyudhaya to a position of regional political dominance in the 
14th century, and the absorption of the Sukhothai polities of central northern Thailand in the 
mid 15th century, is implicitly treated as part of the process of Thai factionalism (Katsetsiri 
1976; Pombejra 1990). Against the secular ethnic dominance conventionally ascribed to the 
Thai can be set the region-wide patterns of religious practice and rule in the lowland centres of 
central and northern Thailand. However, a critical reassessment of inscriptional evidence for 
the ethnic boundaries of the region from the 8th to the 16th centuries suggests that Ayyuthaya 
developed out of a local Khmer polity and remained essentially Khmer until taken over by 
Thai rulers based in Sukhothai, following an invasion by Burma in the later 16th century 
(Vickery 1985b). To the inscriptional evidence of linguistic identity can be added the abundant 
evidence for the maintenance of Khmer political, religious and artistic forms outlined above.
In the following section, the implications of ethnic distinctions among the lowland centres of 
central and central northern Thailand are explored in the landscapes of the adjacent uplands.
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The archaeology of upland monumentalism in mainland Southeast Asia 
Our knowledge of the social and political organisation of groups occupying the Southeast 
Asian uplands, contemporary with the lowland development of centralised lowland polities, is 
extremely limited. Until recently the archaeology of the later prehistory of the upland regions 
was restricted to the monumental burials of the Plain of Jars in northern Laos of the early first 
millennium (Colani 1935) and in log coffins along the Thai-Burmese border (Kieman, et al. 
1988; Sorenson 1988), the widespread occurrence of megaliths (Loofs 1967), and the evidence 
for wideranging exchanges evident in the distribution of Dong Son metal work. However, the 
extensive illicit digging of burial sites in northwestern Thailand has provided a new source of 
evidence of considerable significance for our estimation of upland political organisation in this 
period. While little accurate or integrated data has been available regarding the types, 
distribution, and character of these sites, preliminary reports described a range of burial types 
that include circular earthworks surrounded by a shallow ditch, sites marked by upright stone 
slabs, and both cremation um burials and inhumations (Rau and Hughes 1985; Shaw 1986; 
Vallibhotama 1986). The associated finds include bronze vessels, mirrors and ornaments such 
as small bells, wrist and anklet rings, glass, shell and semi-precious stone beads, iron tools 
and swords, and composite knives and spearheads with iron blades and bronze hafts. Burial 
wares comprise glazed and unglazed stonewares from northern Thai, Burmese and Vietnamese 
production centres, as well as Chinese Ming period blue and white decorated porcelains, 
celadon plates and jarlets for the period 1300-1650 AD (Brown 1988; Rooney 1990).
An ethno-historical context for upland practice: continuities and disjunctures
Comparison with ethnohistorical data for aboriginal groups in the uplands offers some striking 
similarities and contrasts with the archaeological evidence for upland burial practices. Of the 
diverse ethnic groups inhabiting the uplands of continental Southeast Asia, the Lawa are likely 
to be among the oldest continuous inhabitants of the region and the ethnohistorical data for 
this and related groups is relatively abundant (Kauffmann 1971; Kauffmann 1972;
Kauffmann 1977; Kunstadter 1967; Nimminahaeminda 1966). Displaced and marginalised by 
the influx and consolidation of more recent arrivals, a number of groups belong to a linguistic 
sub-group of Mon Khmer (Flatz 1970; Le Bar, et al. 1964). Identified variously as Laveu and 
Lawa, the Lua in Northwestern Thailand, and the Wa on the Burma Chinese border area, 
earlier components of this group are thought to have occupied the region from at least the mid 
sixteenth century AD (Renard 1981; Satyawadhna 1992). The Lua of northwestern Thailand 
themselves have a folk history going back to the mid thirteenth century AD (Kunstadter 1967; 
Notton 1932). These groups are now restricted to the region around Nan in Northern 
Thailand, and to the west of Chiang Mai in an area bordered by the Mae Chaem valley in the 
east, the Mae Hong Son-Mae Sariang road to the west, and the Hot- Mae Sariang road to the 
south. This group have been the subject of debate concerning their ethnic identity (Jones 1994:
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37-8). Narroll has argued that they no longer exhibit all the traits necessary to identity them as 
historical Lua (1964). This position was criticised by Moerman (1965), who considered that 
only some traits are significant for ethnic coherence. Ironically, Moerman dismisses the 
maintenance of the log coffin burial practise as an insignificant aspect of Lua culture.
The current mortuary practices of the predominantly animist Lua varies by group and area, 
variation that can be partly accounted for by the degree of syncretisation between traditional 
rites and lowland Buddhist practices (Kunstadter 1969). Chapter 6 details the burial ground of 
the modem non- Thai Lua village of Ban Chang Mo as a modem example of an extensively 
and systematically looted site. The burials occupy the flat end of a narrow spur, at a distance 
of about 1.5 kilometres from the village. The Lua of this village maintain the use of log coffin 
inhumation, (Kauffmann 1980); the longevity of Lua occupation in the region is supported by 
the series of 14C dates for log coffins in karst limestone caves in region 1 that range from ca. 
200 BC to 750 AD (Grave, et al. 1994; Hotchkis, et al. 1994). From this practice in the 
modem burial ground of Ban Chang Mo it is evident that outside of the conditions of 
preservation of cave environments log coffins do not survive. More lasting archaeologically 
are the distinctive looters pits of log coffin inhumations.
The long term continuities in log coffin burial in the area provided a basis for comparing the 
pattern of looting at Ban Chang Mo with that of the Doi Khuu site: similarity in the position 
of the burial ground, and the number, orientation and shape of burials suggests that the Doi 
Khuu site was a Lua log coffin burial ground of the tradeware period.
The nearby Lua group of the village of Bo Luang on the Hot-Mae Sariang road, now 
nominally Buddhist, cremate their dead but continue to honour the deceased with wooden pole 
markers, a practice that has in relatively recent times supplanted the use of upright rough- 
hewn stone slabs (Glover, et al. 1979; Kauffmann 1971). Ritual stone burial markers appear 
to have fallen into disuse well before the 1930’s, when it was noted that stone markers were 
already of some antiquity and often found in proximity to long abandoned Lawa village sites 
(Hutchinson 1939: 173). The parallels between stone-marked burials reported with trade 
wares, and upland burials of later periods, suggests that, like log coffin burials, this mortuary 
practice too has a continuous history among historical non-Buddhist groups in the region. The 
historical obscurity of the earthwork burial monuments of the uplands contrasts strongly with 
the long term continuities evident in other upland mortuary practices.
The upland evidence for differential political development in the early historic period
The walking tracks through the Ban Umphiang Sii Khao site in region 5 underline the fact that 
ring-ditch burials of the Thanon Thongchai hills now belong to an obsolete symbolic
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landscape. While the earthwork types vary in size and elaboration, a common feature is their 
occurrence on ridges or raised ground, and their close proximity to valley floors that are 
currently used for padi agriculture. Stone-marked burials, reported in the same general region 
of the Thanon Thongchai hills, have not been found nor reported to occur in the same areas as 
the ring-ditch type. The apparent geographical variation in mortuary practice implies an 
ecological distinction between groups exploiting valley and more remote highland zones of the 
uplands (Kunstadter 1978). The trade ware associations of the burial sites indicate that these 
groups were contemporary. The extent of circular earthwork burials in the uplands also 
suggests cultural continuities over several hundred kilometres, but the pattern of associated 
ceramics, particularly evident for glazed stoneware bowls detailed in Chapter 6, in 
combination with upland Buddhist monumental remains provides evidence of sharply 
demarcated and localised exchange with adjacent lowland centres.
The association of Buddhist monuments with non-Buddhist burial grounds suggests a multi­
layered meaning for the symbolic spaces of upland groups. The nature of this link is 
articulated in a series of inscribed silver plates ranging in date from AD 1567 to AD 1852 that 
were originally held in upland villages. These inscriptions provide detailed epigraphic evidence 
for Lawa relations with the northern lowland centre of Chiang Mai (Nimminahaeminda 1966). 
The plates record contracts between Lawa upland groups and rulers of Chiang Mai that 
typically involved recognition and concessions to a particular group of Lawa in return for a 
"fee", ranging from nominal tribute to care of a local temple (Satyawadhna 1992: 236). Bo 
Luang, on the Hot-Mae Sariang road is the southern-most modem Lawa village holding a 
nineteenth century silver plate contract with Chiang Mai. Similar plaques held by the Wa 
record recognition by a lowland administrative centre in Southern Yunnan (Mitton 1936: 237). 
The contracts demonstrate a Yunnanese/Northem Thai tradition concerned with formalising a 
specific set of co-optive relations between a regional lowland centre and Lawa groups.
Of particular interest for its religious associations, is the ubiquitous occurrence of a type of 
earthenware bottle with distinctive painted black or white decoration and a relatively soft, 
extremely thin-walled fabric. While less common than the lowland glazed wares at the burial 
sites, the occurrence of these wares in the trade-ware burials appears to be widespread (Shaw 
1988). Outside the burials this class of vessel has only been found in any quantity at Lamphun 
-ancient Haripunchai- where large numbers have been recovered from the river Kiang. 
Evidently produced as a specialist ritual item, these vessels contrast with the characteristic 
glazed stoneware bowls and jars otherwise traded into the area. The significance of the 
earthenware bottles is that they emphasise a specific religious relationship between upland 
groups and the northern Thai Buddhist practice. This town, as a traditional Mon religious
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centre, appears to have played an important role in the legitimation of links between the 
northern polity of Chiang Mai and adjacent upland groups (Renard 1981; Shaw 1989: 149).
The apparent lack of abandoned Buddhist monuments at the more southerly Region 5 sites 
from Doi Musser to Umphang, suggests that the upland groups adjacent to the lowland areas 
under the political control of Ayyuthaya were not as well integrated as those in regions 2, 3 
and 4 holding contracts with Chiang Mai. In contrast to the evidence for the co-optive 
relations that characterise lowland upland interactions centred on Chiang Mai (Tambiah 1976: 
125), the documentary evidence for upland interaction with the polities incorporated by 
Ayutthaya (Wyatt 1984: 86) suggests more limited economic goals. This is what Tambiah has 
termed 'strong coercion':
...through forming an independent army that frees him from his 
dependence on his vassals; and by enforcing a monopolistic 
control over trade in luxury goods, weapons, and involving 
money (1976: 126).
Two sources of evidence illustrate the character of relations between upland groups and
Ayyuthaya. The first is the inscription on an inscribed base of a statue of Siva, commissioned
by the ruler of Kamphaeng Phet, a fortified town adjacent to Region 5. This inscription, with a
date corresponding to 1510 AD, is contemporary with the trade ware period and contains a
pledge to the ruler of Ayyuthaya for a cessation of trade in cattle with the Lawa:
He restored the Mahadhatu, and the lesser temples both inside 
and outside the city...Moreover, it was formerly the custom to sell 
cattle to the Lawa, and those which would have been sold as in 
the past he forbade to be sold (Griswold and Nagara 1974: 233,
235 note 16)
The translators interpret this section of the inscription as documenting an act of piety 
enforcing the Buddhist precept against taking life, and an indication that the Lawa referred to 
were " very likely...butchers" (Griswold and Nagara 1974: 230). More important for the 
present discussion is the underlying socio-political dimension of the inscription, that stands in 
stark contrast to the archaeological evidence of trade with the adjacent upland Lawa of the 
time. The lowland concern with rebuilding local religious monuments emphasises both the 
social significance of this activity, and the political significance of the lack of Buddhist shrines 
in adjacent upland areas. As private property, ownership of cattle is one of the principle 
markers of status in upland society (Leach 1954). The implication of the Kamphaeng Phet 
inscription is that Lawa groups in the area were socially vulnerable through the economic 
control that could be exerted over status or prestige goods by this Ayutthayan-controlled 
lowland centre. Thus the Kamphaeng Phet inscription is a valuable if singular source of 
evidence for the economic nature of coercive mechanisms employed by lowland elites over 
upland groups in this area.
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The second source of evidence for upland-Ayyuthayan relations comes from a local chronicle 
of Muang Sroy, a Lawa town in region 4 for which a number of Buddhist temples have been 
recorded, but which are now covered by the King Bhumiphon Dam in region 4. The chronicle 
relates that following an attack on the town by the Ayyuthyan King Narai (1656-1688 AD), 
the Lawa population were enslaved and moved down to Ayyuthaya (Vickery 1987: 43). While 
later than the main tradeware period represented in the burials, this event lends support to a 
view of Ayyuthya as a polity lacking interest in establishing the same level of socio-political 
relations with upland groups as Chiang Mai. More importantly, it reveals an approach to 
upland groups that can be related to the fundamental shift in the regional relations that 
accompanied the transition from a prestige to wealth-based economy.
The Ayyuthyan attack on Muang Sroy in the period following the apparent demise of the large 
ring ditch earthworks is valuable as an indicator of changes in the geo political environment. 
The presence of Buddhist monuments at Muang Sroy conforms to the overall picture outlined 
in Chapter 6, where Lawa groups as far south as region 4 were integrated with the northern 
polity of Chiang Mai. In terms of understanding the relationship between the uplands and 
lowlands with the shift to a commoditised economy, Ayyuthyan incursions into region 4 follow 
the demise of the larger upland groups around the early seventeenth century. The more direct 
expansion of this lowland centre into upland areas can be related to the monetisation of social 
relations and the deconstruction of solidary, autonomous and resistant upland communities. In 
a discussion of the social extraneousness of slaves Meillassoux argues that, necessary for a 
slave owner, was an image of populations from which slaves were obtained as being 
undifferentiated peoples with no social or political existence (1991: 67-77). Assuming that 
slave raiding carried out by the ring ditch earthwork groups involved a similar characterisation 
of the smaller upland groups they raided, then this relation would form an important part of 
the regional political economy of power and prestige, prior to the early seventeenth century. I 
would argue that the demise of the ring ditch groups reflects a change in the scale of this 
relation, where formerly slave-raiding societies of the periphery became part of the upland 
supply population for lowland slaves. The timing of this expansion corresponds to the 
commoditisation of the regional economy discussed in Chapter 2.
Conclusions
The development of informal power relations with peripheral groups beyond the demonstrable 
political control of a political centre (e.g., Robinson 1976), has far reaching implications for 
the study of the political economy of the Southeast Asian Buddhist polity of the second 
millennium AD (Algaze 1993; Patterson 1990; Schneider 1977; Whitmore 1977). I have 
argued that the differential evidence of Buddhist upland landscapes provides a new perspective 
on the ideological and economic aggression of competing lowland centres of north-central 
Thailand in the period between 1300-1650 AD. In contrast to the integrative approach
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adopted by the Thai centred in Chiang Mai towards upland groups, that indicates recognition 
of these groups as social and political entities, the central capital of Ayyuthaya exerted control 
by force. Factional competition for prestige goods networks that incorporated the periphery 
(e.g., Brumfiel 1994), may ultimately prove a more appropriate and productive general focus 
for the early historical period in mainland Southeast Asia than the dichotomy between coastal 
and inland economies, or the formal political alliances of the nebulous and mythohistorical 
mandala. Hagesteijn considers that for Southeast Asian elites, the use of temple donations is a 
particularly well documented expression of factional competition, where:
...the competition for pow er... in religious donations seem to have driven up the quantity as 
well as the quantity of 'royal' donations. (1989: 125)
Thus, rather than endlessly interogating the state of the theory of the state, as one pundit 
framed a recent paper on state development in Asia (Morrison 1994), a more productive 
restatement would utilise the spatial dimension of early modem socio-political developments in 
Southeast Asia. I would argue that such an orientation would benefit from an initial focus on 
factional competition for the prestige goods networks between core, semi-periphery and 
periphery in the region. As Salisbury and Silverman state:
If the objective of investigation is to discover how factional competition acts as a force of social 
transformation, it is preferable to view factions in terms of what they do rather than what they are 
(1977: 6-7).
Factions, by virtue of their (structural and functional) similarity, compete for resources and 
positions of power and prestige (Brumfiel 1994: 4). Implicit in factional competition is the 
likelihood that faction leaders aspire to similar political goals, and that shared objectives 
reduce factional competition as a mechanism of social change (Bukra 1973: 136-8 in Brumfiel 
1994). Factional strength in turn varies according to access to sources of revenue and 
influence (Salisbury and Silverman 1977). A re-evaluation of the factional relationships 
between the lowland polities of central and northern Thailand is warranted, in light of the 
suggested ethnic basis for evidence of distinct political practices in this period. However, in 
the context of the transition from a pre modem to early modem economy in Southeast Asia, a 
necessary first step is the assessment of some of the differences between factions and the 
changing forces of factional competition in northwestern Thailand.
The scale and associations of upland burial monuments can be understood as being contingent 
on the scale of the informal economic exchange of prestige goods with lowland centres. 
Differences in the scale of burial monuments would be expected to relate to the status of the 
groups or individuals commemorated, and as such provide a measure of the impact of upland 
lowland exchange. If the burial monuments of region 4 and 5 are contemporary with the 
ceramics found in the vicinity, the lack of a subsequent ethnic history for this type of burial in
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the area suggests that they reflect a relatively short lived practice, that did not extend beyond 
the end of the Sawankhalok tradeware period of the late 16th to early 17th century. The 
intriguing question of whether these southerly upland sites reflect the final phases of 
occupation, by groups who moved into the area at a time when Sawankhalok was at a peak in 
tradeware production (Vallibhotama 1986), is presently beyond the available data .
Shifting occupation through time could be proposed, based on the most northerly of the ring 
ditch burials without trade ceramics, the presence of Sawankhalok glazed bowls of fourteenth 
fifteenth century date at region 4 sites, and the predominance of late sixteenth-early 
seventeenth century Sawankhalok wares at Region 5 sites. In this scenario, the most likely 
factor contributing to this movement is accelerating exchange with lowland centres. The 
impact of this exchange, reflected in the large quantities of Sawankhalok tradeware at region 5 
sites, effected the organisation of upland groups, as measured in the increased scale of the 
earthworks in region 5. Differences in the scale of burial relative to the status of the groups or 
individuals commemorated, would be a predicted effect of intensified exchange with the 
lowlands (e.g. Foster 1977; Wells 1987; Kipp and Schortmann 1989).
However, in a second interpretative framework, monuments at the same site may be separated 
by several hundred years. The smaller mounds with trade ceramics in close proximity to ring- 
ditch types could represent either the emulation of the larger more complex monuments, or 
reuse of less monumental forms of the same basic pre-trade type. This argument parallels that 
used for the documented reuse of burial tumuli in Anglo Saxon Europe as a material correlate 
for symbolic resistance by non-Christian to Christian elites (Van de Noort 1993; Bradley 
1987). If a similar time lag exists between the burials of the western Thai uplands, then the 
revival or maintenance of local monumental forms of burial rites suggests a deliberate 
appropriation by upland groups (Kirsch 1973; Kirsch 1977). As such, the ring-ditch burials 
provided both a model and auspicious location for the construction of the smaller adjacent 
mounds contemporary with tradewares.
Dependence on lowland-controlled prestige goods provides a partial mechanism to understand 
the apparent simultaneous demise of local tradeware production at Sawankhalok, and the 
socio-political fomiations responsible for the earthwork monuments of the adjacent uplands 
(Hodges 1988). However, the absence of Buddhist monuments, and the larger size and extent 
of non-Buddhist monumental burials in region 5 relative to the more northerly regions, suggest 
the development of a landscape of resistance. Both ethnic differences between lowland Khmer 
and the upland Lawa groups, and upland resistance to Ayyuthayan control, are implicated in 
the development of these larger socio-political formations.
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In chapter 2 I suggested that slavery provided a valuable geo-political dimension for 
understanding upland lowland interaction in northwestern Thailand. In this chapter I have 
argued that the upland burials are the product of groups with different levels of socio-political 
organisation. I have also argued that the tendency of burial grounds to become larger and 
more complex from the northern to the southern survey areas, corresponds to the level of 
integration or resistance with smaller upland groups near to Chiang Mai, and larger groups 
closer to Ayyuthya. In a slavery model the differences between upland groups allows "their 
insertion in the regional political economy", in which larger groups were predators on the 
smaller groups in the area. I have suggested that the association between Buddhist monuments 
and burial grounds, and the use of contractual obligations, provides a measure of the degree to 
which highland societies were integrated with the lowland polity of Chiang Mai. Conversely, 
the absence of these associations may be taken as a measure of the extent to which the larger 
upland groups "managed to maintain their autonomy from lowland states... in terms both of 
practical measures of resistance and symbolism".
In the context of the slavery model, I conclude that upland groups affiliated with Chiang Mai 
were not a primary source of slaves for this lowland centre. The larger earthwork burials in 
region 4 and 5 were the product of large and politically more complex upland societies that 
operated as slave raiders, perhaps on these more northerly groups, for exchange with adjacent 
lowlands, controlled by Ayyuthya in the pre modem period. In this scenario, the demise of the 
largest predatory groups represented by the ring ditch earthworks of survey areas 5, is 
causally related to a shift from relations based on prestige and power to relations based on the 
accumulation of wealth, a primary effect of the commoditisation of the regional economy in 
the early modem period. Thus fundamental differences can be formulated between the political 
economies of Chiang Mai and Ayyuthya through the way adjacent upland groups were 
integrated or coerced.
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Chapter 8
Conclusions
Michael Vickery alerted me to the problematic character of the pre- to early modem 
period in Southeast Asia and the possible role an analysis of ceramics could play:
I would suggest that it may be necessary to ... devote our attention to the implications of material 
remains for social and economic life; and some of the important problems would be (a) whether 
new economic forces affecting all of Southeast Asia caused the growth of Ayutthaya and its 
expansion against Sukhothai; (b) whether control of pottery manufacture and trade routes played 
an important role in the fifteenth century wars between Sukhothai, Ayutthaya, and Chiang Mai; 
and (c) to what extent Ayutthaya changed as it gradually absorbed more Thai areas in north- 
central Siam in the fifteenth-sixteenth centuries. (1987a: 243.)
While not all of these queries have been addressed in this thesis I believe I have gone some 
way to developing the necessary theoretical and methodological framework. The shift 
from the pre-modem economy to the early modem monetised economy in Southeast Asia 
(e.g., Ishii 1993), parallels the conventional distinction between contemporary monetised 
and peripheral barter economies (e.g., Thomas 1992). In this thesis I have devised a way 
of intersecting the proposed distinction between barter and monetised systems 
conceptually, chronologically and spatially. I have argued that contradictions inherent in 
this dichotomy arise out of a unilinear evolutionary approach that requires the separation 
of "primitive" and "modem". In terms of developing an appropriate theory for change in 
material culture, I have asked: how are we to interpret specialisation, in the transition 
from a barter to a monetised economy?
I have recontextualised the introduction and development of specialised ceramic 
production in mainland Southeast Asia in terms of a World System framework, and the 
operation of informal commercial institutions. Following a reappraisal of the chronology 
of kiln technology for both the major inland ceramic production complexes, elemental 
partitioning of the wares indicates that a basic two class division is present at most 
production sites in the region. For Sawankhalok, the largest and most long-lived of the 
inland production sites of central northern Thailand, the wares are shown to be more 
technologically complex than those from other sites. Two elemental groups of 
Sawankhalok whitewares can be correlated with stylistic and chronological differences, 
and are argued to reflect changes in clay preparation practices through time. I have also 
argued that the change in production organisation at this site develops from diverse, low 
risk, to specialised high risk and can be related to the relatively quick monetisation of the 
regional economy with the introduction of New World bullion in the late 16th century.
The ceramics are treated primarily as an economic indicator of the impact of monetisation
on lowland institutions. I have extended the significance of the devaluation of inland 
ceramic production by relating lowland production trajectories to upland-lowland socio­
political interactions. From the distribution of regionally produced wares at upland 
burials, and the character of non-Buddhist and Buddhist monuments in the uplands I have 
argued that monetisation had both an immediate and longer term political impact on 
inland groups enmeshed in the emergent modem World System.
I have critically examined theory that distinguishes prestige and wealth goods, the basis of 
this dichotomy, and proposed differences in the effect of the two classes of goods in 
exchange. I argued that such questions could only be addressed by locating an 
unambiguous transition from one economic mode to another and that the pervasiveness of 
the modem capitalist economy undermined reconstructions using assumptions based on 
supposed modem "pristine" economies. I assessed these questions in relation to the short 
and long term impact of the introduction of money on exchange relations in one area of 
mainland Southeast Asia. First I argued that historical constructs of the institutions of 
pre-modem Southeast Asia where deficient particularly in relation to appropriate scales of 
analysis. I argued that an archaeological perspective could be used to successfully address 
this problem and provide important insights into the scale of operation of Southeast Asian 
institutions. In order to develop this critique I situated the discussion of developments in 
early modem southeast Asia within a World System framework. I then focussed on 
stoneware production as an institution in the semi-periphery/ periphery that spanned the 
transition from a pre-capitalist to capitalist period, was most likely to be affected by the 
transition, amenable to direct analysis, and for which a process of commoditisation could 
be argued. To do this I developed three strands of evidence for change:
a) the historical context
b) production trajectories
c) consumption patterns
Changes in the historical context
Commoditisation, ultimately based on the massive infusion of New World silver, was 
argued to be a mechanism of rapid transformation in the regional economy sometime in 
the late sixteenth century AD. Its' immediate effect was to expose institutions that 
formerly operated within local spheres of exchange and value (e.g. the production and 
consumption of prestige goods), to region-wide competition (e.g. the production of wealth 
goods - commodities). Upland social formations based on hierarchical control as inferred 
from the southern ring-ditch burials were argued to involve local elite dependency on the 
control over prestige goods. With commodisation, production patterns changed. For 
glazed stoneware production, initially this change was towards increased output of less
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labour intensive wares before being abandoned as an uncompetitive (non-wealth making) 
activity within the newly integrated regional economy. For upland social formations 
linked to control of prestige goods this new production cycle eroded the basis of control 
by flooding adjacent areas with what had been formerly prestige goods. I argued that the 
ethnohistorical traditions of upland groups in the region extended in time to at least the 
fifteenth century. These long-lived traditions could be contrasted with the lack of any 
account of the groups responsible for ring-ditch burials and I suggested that this burial 
practice did not continue beyond the late sixteenth early seventeenth century AD. I 
further suggested that the apparent simultaneous demise of lowland glazed ware 
production in the late sixteenth early seventeenth century AD and the larger upland 
groups associated with southern ring-ditch burial complexes were related. I argued that 
the demise of these larger upland social formations was related to the wider context of 
shifts in the economic focus of the region from forest products towards cash crops and 
bulk commodities such as rice and metals (e.g., Ganjanapan 1984). The first measure of 
that shift was the short-lived change in the production trajectory of Sawankhalok glazed 
wares and their disappearance as viable commodities in the regional economy.
Changes in production trajectories
To develop the relationship between the historical context and archaeology I reassessed 
the chronology of stoneware production at a number of sites in central northern Thailand 
and Lao PDR. Three major complexes were examined in some detail but only the 
production complex at Sawankhalok showed evidence of change through time. By 
combining absolute and relative dating information with kiln typological data I 
demonstrated that the kiln technology of this site moves from diverse production strategies 
from 1000 AD to 1500 AD to specialised high output production in the late sixteenth to 
early seventeenth century AD. The chronology of ceramic production for this site had to 
be reconstructed independently. Using shipwreck data as the absolute chronological basis 
I combined the results of chemical analysis with ware typologies to demonstrate firstly 
that wares could be elementally and typologically partitioned into pre-sixteenth century 
and later sixteenth century/early seventeenth century phases. I argued that preparation and 
decoration of the earlier wares were more elaborate than for the later phase wares. 
Secondly, through the elemental analysis of unfired and fined pairs of samples from the 
most likely source of white clay in the area of Sawankhalok, I demonstrated that a further 
partition in the elemental data for each phase related to a technological distinction 
between low and high temperature wares. Green glazed wares (celadons) were evidently 
placed in hotter parts of the kiln and underpainted wares were placed in cooler regions. 
From the reconstruction of kiln packing practices I argued that both underpainted and 
celadons were complimentary components of a firing. This was a major contribution to 
the overall reconstruction of ceramic chronology for this site. The technical link between
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celadons and underpainted wares enabled me to argue that the dated celadons from late 
sixteenth-early seventeenth century AD shipwrecks were the high temperature component 
of kiln loads for which the elementally similar underpainted covered boxes, without well 
dated contexts, were the low temperature component. While the decoration of celadons of 
the later phase is more cursory than the early phase celadons the decoration of the covered 
boxes is elaborate. This suggested that the clay preparation process employed for the 
earlier phase wares was most time consuming and that it was this, rather than decoration, 
that was the important simplification in the production trajectory of the later phase wares.
The specialised production of glazed stoneware in the region of central and northern 
Thailand in mainland Southeast Asia was chosen as the best documented institution for 
this study. To integrate the separate lines of evidence I developed the political effects of 
money in an economy and the effect on production of region-wide value comparisons of 
goods (commoditisation). I proposed that the acceptance of a common money standard 
occurred over a short period of time in the later 16th to early 17th century as a result of 
the introduction of large volumes of silver from America via the Philippines into Southern 
China. The impact of monetisation, not directly assessable itself, was traced in the change 
in the production trajectory of one major producer of trade wares in central northern 
Thailand.
Changes in consumption patterns
In order to assess the political ramifications of commodisation I examined the archaeology 
of upland groups in areas adjacent to the northwestern Thai production centres. The 
burials of these groups indicated that they were conspicuous consumers of both exotic and 
local glazed stonewares. Their involvement in regional exchange, inferred from historical 
data, was supported by evidence of movement out of more isolated areas of the uplands 
that coincided with the growth of lowland urban centres in mainland Southeast Asia and 
intensifying regional exchange from the later 1st millennium AD.
Burial grounds and monuments provided evidence for the pattern of consumption 
contemporary with the development of stoneware production in adjacent lowland areas. 
Association with Buddhist monuments provided evidence of political affiliation. Burial 
site size and elaboration was used to infer social organisation. Marked differences in 
ceramic associations, and the character of burial sites were used to infer a relationship 
between social differentiation and involvement in exchange with different lowland groups. 
The occurrence of a burial type (ring-ditch earthworks) found from the Mae Chaem valley 
to the southern most area of the survey was used as a control on the different socio­
political effects of upland interaction with northern and central northern lowland polities.
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Burials in areas closer to the northern polities in Thailand were small scale, in addition to 
including a range of types, some of which, such as log coffin burial grounds, were argued 
to have continued into the present. I argued that the groups responsible were vertically 
integrated within lowland social hierarchies through institutional religious and commercial 
links. Integration removed the need for upland groups to develop hierarchical and 
elaborated social formations. The southern ring ditch burials were the largest and most 
elaborate of the upland burial complexes, characterised by the large quantities of glazed 
stonewares from adjacent production centres and the absence of contemporary Buddhist 
architectural remains. I argued that this combination of features could be used to 
reconstruct some of the important aspects of the political economy of the upland groups 
responsible as involving ideological resistance, but also political and economic 
dependency on lowland polities. I suggested that regional differences in the social 
hierarchies of the upland burials would be commensurate with predatory activities such as 
raiding and slave trading by larger groups on smaller ones. Finally, I argued that the level 
of economic and political dependency of the larger upland groups on adjacent lowland 
polities directly exposed them to the impact of money.
Through an examination of the initiation and development of specialised ceramic 
production at lowland centres, I have attempted to identify salient features of the 
economic and political dynamics in this period as they affected the behaviour of upland 
groups in northwestern Thailand. I have used a World System model to understand some 
of the links between local and supra local levels of society for a period of rapid, but little 
understood, economic and social transformation in mainland Southeast Asia. Thus 
commodisation of the regional resources of central northern Thailand is comparable to the 
impact of foreign extractive systems elsewhere in South America and Africa (e.g., Nash 
1979; Taussig 1980; Shipton 1989). However, this particular transformation of the 
regional economy is part of a larger process.
I have argued that the archaeology of the uplands provides a valuable gauge for the 
regional economic reorientation accompanying this process and that the relations effected 
by economic and political change the most relevant aspect of a core-periphery model. 
Isolated areas of the uplands have been shown to be in contact with wider exchange 
networks from at least 1000 BC. However, the hypothesised movement of isolated groups 
in the uplands around the eighth century AD is the first phase of more systematic 
interaction between upland and lowland societies. The upland data provides a context for 
the economic impact of wider processes such as the "Indianisation" of lowland Southeast 
Asian societies (e.g., Wheatley 1975; Mabbett 1977a, 1977b; Chaudhuri 1985; c.f., Mus 
1975). The movement of upland groups out of isolated areas indicates that the
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relationship between the core-periphery is constructive in the sense that the core creates 
the periphery. The patterns of ceramics at the upland sites were argued to reflect both 
product lines, typical of commodity consumption, and ritual usage. The implication is that 
prestige goods and commodities, rather than reflecting a separation between societies with 
"very different structures of economic and social organisation", are manifestations of the 
same economic and political process. This conclusion was also reached by Harris for 
modem upland groups in Bolivia (1989: 255-60)) and Platt for Andean polities (1982).
The pattern of change in production at Sawankhalok over the pre-modem to early modem 
period has wider archaeological and historical implications. The demise of glazed ware 
production at Sawankhalok and the disappearance of the largest socially complex upland 
groups have been treated as related and historically contingent phenomena. Ceramic 
production in the pre-modem period is diversified, possibly part time production, and 
emulates prestige imports. In the early modem period the shift to commodity involved a 
level of competition that demands intensified output of a more restricted range of wares, a 
strategy that involves high risk. Upland ceramic consumption in the pre-modem period 
involved control of incoming goods by an elite to maintain and develop prestige and 
power and as such were integrated with the lowland economy. In the early modem era the 
dissolution of prestige goods links and social formations was stimulated by intensified 
production. This relationship reflects the impact of region wide changes in the economy 
and undermines a distinction between peripheral barter and monetised economies, 
between upland and lowland, or primitive and modem.
The emulation-competition-commodisation model
To formulate the general results of the study for cross-cultural comparisons I have 
shown that (1) exchange of core prestige goods with periphery is a process of 
expanding exchange; (2) local emulation of prestige goods in the semi-periphery 
involves the devolution of economic control and the growth in local polities; (3) 
the growth of local producers to competitive scale and the development of 
optimal levels of organisation and goods, and increased political factionalism and 
coercion with expanding local political control; (4) the demise of local producers 
as supraregional competition with commodisation reflecting expanded economic 
exchange and informal political control.
Diversity as a feature of the pre-modem economy replaced by specialised behaviour in the 
early modem monetised economy. The model may be useful to extend to the political and 
economic institutions that shaped the rapid transition from pre-modem to early modem 
Southeast Asia. However, within these parameters the study has not been able to account
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for the long term survival of upland practices such as log coffin burial, or of the ethnic, 
economic and political mesh that enabled Chiang Mai to maintain autonomy until 
relatively recently.
Methodological implications
The results of the survey have simply confirmed that the distinctive burials of the uplands 
of northwestern Thailand represent groups that played an integral part in local and 
regional social and political interactions of the historical period in mainland Southeast 
Asia. The task now remains to substantiate the significance of the archaeological remains 
in the uplands of northwestern Thailand through the development and application of 
techniques appropriate to the disturbed nature of these sites.
The AMS ,Z*C dates for the Nam Khong log coffin sequence provide an absolute 
chronological framework for the development of a regional high resolution sequence using 
ring width correlations. The well-defined ring structure of tropical trees such as teak 
Tectona grandis, provides the basis for the use of dendrochronological techniques in the 
analysis of the log coffin cores (Jacoby and D'Arrigo 1990; Jacoby 1989). Such an 
investigation would seek only to establish cross sample correlations in ring width patterns 
and does not require detailed understanding of ring formation processes. In the longer 
term the results of the study would also contribute to ongoing research on annual 
response structures and cross-matching of tropical trees. The results of the AMS and 
dendrochronological analysis could be then used to address questions such as the intensity 
of later prehistoric occupations in the Nam Khong area; i.e. the log coffins as indicators 
of (i) numerous more or less contemporary groups and a distinct break in cave usage, or 
(ii) a smaller number of semi sedentary or shifting groups allowing both cave burial and 
habitation to coexist in the same general area.
Interpretation of the significance of the earthwork monuments on the question of the effect 
exchange with lowland groups had on upland social and political organisation. If the 
monuments are more or less contemporary then they provide evidence of the development 
of social stratification and a chiefly elite in response to trade over a three hundred year 
period. If on the other hand a pre-trade and tradeware phase exists then more complex 
mechanism must be considered such as the revival or maintenance of local monumental 
forms of burial rites as a deliberate appropriation by upland groups, resistant to the 
dominant Buddhist ideology of contemporary lowland centres. The dating of a selection 
of these monuments will help resolve the nature of socio-political organisation 
represented. Although disturbed a number of the earthworks are amenable to study 
through analysis of site formation processes using soil micromorphology techniques
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supplemented by Accelerator Mass Spectrometry (AMS) dating. While the burials 
have been extensively disturbed their form has preserved. A method to extract datable 
carbon would necessitate the excavation of small (e.g., one meter square) pits placed to 
expose both the deposit accumulated in the ditch since first dug and the stratigraphy of 
the outcast bank. The objective would be to determine site formation and environmental 
processes and the success of the method would not be contingent on the disturbed 
archaeological deposits. The date of formation of the earthwork would then be derived 
from AMS dating of carbon remains preserved between the original ground surface and 
the overburden of the bank. Accumulated deposit in the ditch could also provide samples 
to assess the subsequent environmental history of the site.
The development of the chronology for the historical production centres in northern 
Thailand and for the Khmer complexes will be necessary to resolve the relationship 
between the two.
The study has demonstrated that a powerful analysis of a fragmented and little understood 
period can be achieved by integrating different levels of evidence. For northwestern 
Thailand this can only be taken as a starting point for both new investigations and 
reassessments of existing data.
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Descriptive catalogue of the Southeast Asian ceramics used in this study
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APPENDIX 2
PIXE-PIGME results for the Southeast Asian ceramics used in this study
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FABRIC ANALYSIS: SAWANKHALOK WHITEWARES
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FABRIC ANALYSIS: BURMA
AUS SI K ö  n  V Mn Fe Zn Ga Rb Sr Nb ThL Na LI AI F
15 380308 29935 130.7 3842 93.9 586 107385 0.01 0.01 312 7.6 11.7 10.9 177.7 56 166555 121
16 394323 3044.7 1296 3967 578 64.1 10188.7 96 061 286 8.7 138 125 2323 061 162705 136
4 339241 5248.7 3984 44121 1125 823 273088 285 105 663 193 145 174 3752 152 27525.1 11
17 276521 1158122 9935 41585 1392 1223 154685 44.7 19.7 1012 4 0 2 193 19 8221 155 398562 17.7
18 291723 10848.7 7545 4539.9 1294 67.7 133272 395 13 834 36.6 20.6 17.1 7296 14.1 380702 95
19 280313 105234 9635 4810.1 1434 53.1 16092.1 48.7 16.1 90.7 395 16.1 061 10765 193 377826 14
30 239400 13267.1 17222 4712 1743 5345 454348 1015 16 1463 64.6 166 39.1 4783.1 274 391605 3348
21 250153 119703 1133 47783 1582 838 389676 56.7 124 1032 434 136 326 40298 235 350635 3799
22 256920 9314  3 2169.7 36027 95 1683 283195 327 9.1 78.7 593 061 322 47513 295 296388 3352
23 254023 9704.1 13105 4881.7 1773 1556 290593 66.6 11.7 94 505 0.01 216 30425 235 395853 3572
5 194862 114988 12353 43152 134 422 50828.4 694 6 1322 43 5 127 354 4073.7 373 340134 3809
110 380659 81773 4655 27706 813 57.7 7057.1 154 0.1 47.7 255 105 0.1 5963 8.1 187555 172
230 = 417535 49782 231 47402 1234 79 125056 0.1 6 2 455 155 16.6 0.1 3063 13 22260.9 7.7
13 270653 105445 552 46658 1295 106 95856 248 108 73.7 252 9.6 0.01 471.7 7 5 30066.9 8
12 301713 82263 295.1 54385 167 629 114865 373 115 758 263 11.7 168 505 22.6 393813 24
6 299036 8890 316.1 5343.1 1918 533 126716 355 143 814 306 8.6 145 584 25 39428.1 26.7
7 275126 9654 384.1 55892 175.7 1516 133228 50 154 885 345 172 232 5175 195 41287.6 144
10 255593 99833 3252 5408.7 1435 61.1 33869 29.7 13.7 962 242 195 061 631.7 18.7 413913 1358
111 257781 121821 6063 5970.1 1543 545 338758 41 143 1083 313 17.7 0.1 4633 174 46107 29
11 256733 105427 469 58022 1504 542 31757.7 216 10.1 105.1 25 15.1 40.6 5163 24.1 43612 218
9 220553 137622 317 6270.1 2315 36 338636 295 176 127.1 354 285 49 631 204 461438 776
8 200688 12973.7 5926 7012 253.1 1348 569795 43 4 135 161.1 404 182 49 4 988.1 222 525552 3145
114 = 337157 152645 34805 20235 61.7 216.7 22647.6 425 7 3 613 126.1 0.1 0.1 123546 132 26388 1515
216 = 311907 16478.2 103899 23903 5 8 6 6382 237563 364 0.1 1084 139.7 9 2 0.1 8549 0.1 250033 182
99 outlie 356858 163789 6699 2326.4 769 2663.1 249592 355 5 6 945 1025 0.1 288 50394 8 2 216555 227
115 = 286594 150856 37115 2715.1 87.1 251 291963 436 4.7 713 1284 7 6 0.1 12946 165 271906 173.7
121 = 303457 212778 9354.7 2889.9 1012 5553 249175 42.6 0.1 1334 1184 0.1 0.1 7088.1 19.7 307258 2236
120 305485 201496 12324.1 3134.7 9 5 8 7168 311448 468 6 4 1225 1493 0.1 25.7 6836.9 163 301538 183.1
32 = 226161 120327 104714 3537 96.7 483 341627 529 9 3 83 1995 061 273 117479 18 27705.7 1834
31 250547 194204 96673 30438 934 8705 388513 634 135 1568 1383 061 061 6222.1 84 33786 264
215 228465 194153 11868.7 3281.9 995 5644 39928.1 523 8.9 1492 1633 0.1 0.1 19602.7 14.6 347559 58.1
122 298012 219003 9008 2985.1 9 4 2 5905 279932 50.1 10.6 1462 1383 116 0.1 67456 145 313813 2335
123 271462 214573 11087.7 30593 1273 10743 324692 54 88 116.1 2185 115 0.1 41375 16.1 31317.7 2192
27 279526 198622 90883 3339.7 865 7628 351325 57 11 144 145.1 11.6 061 6959 148 325485 3005
126 261381 18515.6 75906 30832 794 11504 360616 56 10.1 1272 139 0.1 312 5141.9 17 33695.7 2462
34 247514 178459 84421 3194 91.1 12445 383269 523 9 1393 1414 0.01 30 5384.6 148 366622 2598
219 = 227875 189256 100893 37475 1402 9346 420434 726 159 1473 1478 0.1 0.1 74042 17 381605 413
30 230911 196938 104064 3038.1 1024 857.1 378882 635 6 9 156.1 1679 124 30.1 66398 125 34364.6 53.1
29 237756 19612 133044 31236 718 8735 391122 614 9 3 155 1532 125 25.1 62769 20.7 343813 696
36 238200 190313 130252 32032 914 9333 397799 634 127 156.1 147 061 49.6 62973 173 341104 509
214 = 244690 199523 10290 4166 963 905.6 40642 67.9 9 6 1539 147.7 115 21 7368.7 16 36990 28.7
35 240347 192364 9380.7 33724 888 8952 412193 676 11.1 163 143.1 113 346 5547.9 149 346522 30.1
37 249403 19309.4 92603 3413.7 102 8269 391952 60 13.7 150.1 1338 115 332 58115 224 335184 38.6
28 229031 191269 13497 40768 123.1 8986 390718 60.6 55 161 158.1 061 332 63683 23.4 342475 103.7
112 = 262181 169692 124025 45842 1338 7115 405169 762 9.7 1258 158 106 0.1 82625 26.6 361973 3234
IV
FABRIC ANALYSIS: BURMA
AUS
Pagan ii
Pagan iii
Pegu i
Si K Ca Ti V Mn Fe Zn Ga Rb Sr Nb ThL Na Li AI F
1 M 231563 19647.1 14594.6 4115 1293 8 503 42445 7 0 6 9 4 1484 1 826 1 4 6 26 6626 16 9 354248 418
198 = 211647 197688 8490.7 50033 195.9 514.6 507623 9 3 2 13.1 193.6 1463 1 3 2 3 2 6 2726.7 35.7 45822.7 5589
125 = 228016 154053 6 2522 4763.7 156.1 67 38 49114 8 53 9 8 110.1 102.7 0.1 2 0 8 51 65 6 36.9 38719.1 214
113 = 252947 156678 6058.4 48689 1578 9 5 2 6 47846 7 5 8 7 1063 101.1 0.1 27.1 5162.7 3 6 3 37113.7 75.7
2Q3 = 274011 178992 50793 4 4862 1484 8 404 421298 5 34 6 161.7 8 5 6 17 2 5 3 17513 2 5 8 36438.1 1978
201 ou tlie 297989 138103 29532 16448 OjOI 3 4 4 44603 368 3 28 1829 91.7 8 3 061 2197.1 37 47739.1 550
62 30270» 116983 3419 48998 150.1 61.1 91824 44.1 158 96 2 9 6 1 6 6 0.01 7 4 2 3 7 4 36699 5
14 293169 94644 2428 58793 1723 52 84383 3 0 6 13.1 86 2 9 4 118 OjOI 563.1 2 0 9 353679 14
170 268543 151158 3993 6593.7 2072 45.1 275963 28.9 153 1184 41.7 2 » 24.9 629 2 4 3 453779 639
217 216144 123318 7 927 7086.9 777 7 3 4 3 601284 3 2 4 156 1248 4 0 2 18 3 8 3 8 9 54 2 6 9 520268 83.1
169 230237 12421.7 51 82 7 3 18 6 252.1 56.1 43816.7 37 4 2 0 2 1156 4 5 3 2 » 46.7 752.1 3 3 3 519463 3 66
117 214954 12744 1281.7 87229 267.7 4 3 8 483154 41.7 128 1258 57 8 26.6 3 5 6 7 8 7 3 27.7 579532 169.7
200  = 214591 13095 91 33 74342 267 4 4 9 54835.7 36.1 153 1409 4 7 4 24 53.9 8 1 63 28.6 56739.1 1198
218 193588 141343 835.9 7630.1 271.7 58.7 534113 4 3 6 159 1436 5 43 178 37.1 868.1 41.1 54016.7 191.7
199 ou tlie 217784 12554.1 12963 7068.1 246.1 127.7 75106.4 5 7 6 2 09 183 4 3 2 22.7 53 5 854 3 1 6 517523 1173
r
119 203348 149749 8 272 8 3422 3058 5 9 8 579254 4 6 3 178 1564 6 4 3 1 88 4 8 3 895 35.7 57665.6 190
221 182113 120994 679.7 72698 2602 4 7 3 696844 3 1 6 2 1 2 1733 42 23 6 8 9 8 248 2 6 9 55267.6 2528
116 179557 137403 9 863 89348 2953 40.9 53192 5 1 6 2 49 1483 6 0 8 27.1 6 0 4 987.1 3 7 8 649766 294
118 182077 132266 11816 10548.7 3664 49 52165.7 5 33 24.7 1328 7 2 3 2 7 3 40 8 9 13 40 675383 2109
213 385852 11353.7 6 982 2596 4 96 7 0 4 123533 0.1 0.1 36.1 3 48 0.1 0.1 132676 7 3 15183.9 256
190 370901 127902 815.7 20216 6 19 4 5 2 89334 1174 328 333 0.1 0.1 0.1 16369 10.7 125586 129
160 383770 11989 1055.1 25599 84.1 0.1 7490.7 104 7 4 6 92 22.6 9.1 0.1 2 5 46 5.7 220234 28.1
105 363743 90264 5 976 3467 113 38 38 201842 35 0.1 56.9 2 5 6 0.1 0.1 2160.6 103 262642 268
69 317910 10967.7 3050.7 42498 1172 141.1 84228 38 001 71 4 6 9 0 O 1 OOl 6 8 0 2 118 290268 6 6 6
100 385559 91729 22153 53299 1523 72.7 92184 2 7 4 10.1 71 3 68 1 62 0.1 970 0.1 271104 7 8
159 340212 126089 731.7 3944 111 9 0 9 124996 29.1 9.1 8 9 4 3 6 2 108 0.1 631 0.1 313546 108
156 355288 119498 249.7 3921.7 9 39 6 5 6 96696 2 73 116 8 73 2 78 9 8 0.1 5 5 9 2 8 6 333746 114
152 326232 12091.7 3898 38523 108.1 1276 115089 2 7 6 11.7 8 46 2 98 1 03 0.1 6 9 69 0.1 32220.7 8 8
143 354318 8203 1636.9 4352 1183 1304 8284 289 1 26 62.1 30 9.7 0.1 513.1 128 332743 126
139 347308 10306.1 3229.7 50218 97 6 1969 20405.1 44.7 0.1 7 88 48.9 10.7 0.1 6 6 7 3 14.6 290268 1018
162 335237 9 2056 25422 50742 140.7 1429 9597 36.7 114 82 9 4 2 9 0.1 0.1 6 5 44 166 36210.7 199
183 325218 9501.7 27286 4445 97 3 1543 9331 39 3 139 71 4 4 2 8 10.1 0.1 533.1 16.6 37923.1 27.1
185 338540 120426 12096 4836.1 1486 82 100774 30 128 88 42 116 0.1 652.1 6.9 350803 118
167 285569 84446 61 06 3656.9 1926 20 8553 5 3 6 12 4 3 3 43.1 0.1 0.1 8 469 146 34040.1 138
193 328459 12480 7 4 02 39039 1262 6 3 2 10208 2 52 143 9 5 2 37.7 8 4 148 768.1 11 330468 8
155 320633 9469.6 454 4614 1356 5 2 6 91844 38.1 128 8 76 2 19 14 0.1 4 6 1 2 16.1 33408 6.7
187 330473 84836 79 36 4196.7 1252 75.7 156359 2 7 6 8 3 65.7 3 2 6 9 2 1 86 742.1 2 5 2 332843 2G
180 336566 122793 3842 4108.7 1366 2 6 54 102638 40.1 132 84 6 56 1 2 2 153 9 1 58 14.9 32194 232
149 323833 11988 3916 50672 1896 6 5 8 10543.7 3 89 164 9 1 4 34.6 0.1 0.1 787.9 8 367426 7.7
181 344307 105322 5 259 48118 162.7 73 118899 39.1 11 74.1 31 14.1 0.1 5 573 21.1 332274 153
132 332820 9905.9 4 088 47088 1529 5 6 6 80882 4 4 4 113 84.7 2 7 2 1 5 2 0.1 6 2 83 20 334516 8.1
67 292053 122408 60279 4668.7 1166 3 5 16 23723 3 58 0O 1 1029 74 10.6 001 7 4 88 2 0 2 302508 58
161 332478 103344 10099 4 8164 1538 7 0 3 94294 3 54 15 8 48 37.1 104 0.1 9 3 83 21 355518 28
150 327733 10426 4 8 76 50199 146.7 58.6 95132 3 92 9 4 8 98 2 84 1 0 6 0.1 5 9 96 21.4 376622 i i i
IV
FABRIC ANALYSIS: BURMA
AUS
Pegu H
Pegu ill
Si K C i T1 V Mn Fe Zn Ga Rb Sr Nb ThL Na Li AI F
182 328395 130094 6989 4478.1 1454 663 126459 352 85 995 34.7 11 0.1 762.7 202 371973 10.1
137 307779 128362 49913 5396.7 1193 212.7 9564.7 435 11.1 903 69 10.1 0.1 7123 16.1 346622 1073
153 330065 11531.1 4188 5019 1628 539 91529 47.1 176 945 30.1 114 0.1 618.1 148 350635 123
186 336709 9753.1 20266 53455 136.1 119.7 78504 333 158 80.1 399 98 0.1 5673 28.1 362609 23.7
195 302428 12141.1 5135 40055 1268 98.7 12982.9 345 143 1008 322 142 203 5563 106 351739 53
158 336491 96228 23092 5386.1 1388 1268 92348 319 113 816 40.7 14.7 0.1 5925 25.7 401104 13.7
tA 289136 137106 1292 5428.7 192.1 462 124194 274 93 998 366 061 061 6119 168 378395 472
102 309337 99249 22285 53103 135 1125 107698 464 145 843 443 0.1 0.1 6792 239 462408 37.1
2 288829 11790 30176 4509 1369 1156 105794 359 15.1 1014 42.7 10.4 13.7 779 13 392676 272
157 325818 11414.7 384 46694 1679 55.7 9921 49.6 12.7 949 342 184 0.1 6954 243 378595 8.7
141 336185 10866.1 16404 48142 1748 2002 10512.7 299 132 74.7 37.7 154 144 6635 335 35016.7 132
151 317381 12502.3 5635 51153 1716 958 10150.7 485 168 103 304 113 0.1 617.1 20.1 401605 76
196 325391 101386 4216 54584 137.1 496 20330.7 418 13 763 274 152 218 9273 232 383679 115
1 308115 92272 1141.1 5015 1535 1438 9494.1 28 13.7 81 374 169 19.7 8398 325 349264 106
140 312710 137469 12315 4666.7 136 1356 121678 463 12.7 1132 404 156 0.1 6496 299 416254 125
194 = 301225 179753 8225 22008 0.1 281.7 168908 1534 14.7 1702 212 256 31.7 7238 146 363813 273
142 331301 89078 8092 5201.4 1959 1052 111295 373 11.7 74 325 204 183 6929 336 373779 42
101 308361 101028 28852 59102 1985 128.1 10770.7 332 115 864 464 18.7 133 625 20.7 417759 192
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APPENDIX 3
Typology of Sawnkhalok whitewares organised by elemental groups as described
Chapter 5, Figure 5.6.
Sawankhalok Group A, HIGH TEMPERATURE GREEN GLAZED WARES
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Sawankhalok Group A, HIGH TEMPERATURE UNDERPAINTED WARES
aus679.jpg aus679b.jpg aus675.jpg aus675b.jpg
aus668.jpg aus668b.jpg aus682b.jpg
*v
aus682.jpg
aus41 l.jpg aus41lb. jpg aus677.jpg aus677b.jpg
aus658.jpg aus658b.jpg
Sawankhalok Group A, LOW TEMPERATURE GREEN GLAZED WARES
aus667.jpg aus667b.jpg aus389.jpg aus389b.jpg
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Sawankhalok Group A, LOW TEMPERATURE UNDERPAINTED WARES
aus674.jpg aus674b.jpg aus681jpg aus681bjpg
Sawankhalok Group B, HIGH TEMPERATURE GREEN GLAZED WARES
The example from Green and Harper 1983: 17, ill. P594 is stylistically 
the same as fragments of Sawankhalok whitewares illustrated in Chapter 
6, figure 6.16, collected from survey Region 5.
Sawankhalok Group B, LOW TEMPERATURE GREEN GLAZED WARES
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Sawankhalok Group B, LOW TEMPERATURE UNDERPAINTED WARES
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Sawankhalok MODERN
Sawankhalok OUTLIERS
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APPENDIX 4
Post-cranial analysis of human bone from Region 1, Site 9 (Bull Cave)
by Denise Donlon
Northern Thai Bones from Peter Graves
#1,1 LEFT TIBIA - (distal end)
All measurements of Chinese are from my PhD thesis and are of Hong Kong 
Chinese probably from southern China.
All measurements are in millimetres.
M easurement Thai Chinese Males Chinese Females
bones
Range Mean Range Mean
Breadth of 46 39-49 44 36-47 40
distal epiphysis 
Medial 13 11-16 13 11-14 12
malleolus
length
Observations
No sign of anterior or lateral squatting facets caused by kneeling or squatting. 
Tendon attachments for the following muscles are well developed:
Flexor hallucis longus (flexes the big toe and plantar flexes and inverts the foot) 
Flexor digitorum longus (flexes the toes and plantar flexes and inverts the foot) 
Tibialis posterior (plantar flexes, adducts and inverts the foot)
Note: most muscle attachments cannot be observed.
# 1 .2  RIGHT ULNA
All measurements are in millimetres.
M easurem ent Thai Chinese Males Chinese Females 
bones
Range Mean Range Mean
Trochlear notch 21 16-26 20 15-22 17
diameter 
Trochlear notch 26 22-27 24 19-24 22
height
Proximal 25 16-26 20 16-22 18
transverse
diameter
Proximal 26 17-28 24 18-24 21
sagittal
diameter
Observations
There is slight lipping of the apex of the coronoid process and medial border of 
the semilunar notch. This lipping suggests mild degenerative changes in the 
cartilage of the elbow joint and/or ageing.
Muscle development
Attachments for the muscles which extend and flex the forearm, hands and 
fingers are well developed. These are as follows:
Brachialis (flexes the forearm)
Aconeus (extends the forearm)
Estensor pollicis longus (extends the thumb)
Flexor digitorum profundis (flexes the hand and phalanges)
But note that the distal end of the ulna with its muscle attachments is missing.
#1.3 LEFT CALCANEUS
All measurements are in millimetres.
Measurement Thai Chinese Males Chinese Females
bones
Range Mean Range Mean
Maximum 83 69-87 78 66-74 69
length
Maximum
height
42 34-42 38 30-36 34
Observations
There is slight marginal lipping of the antero-medial border of the posterior 
articular surface. This lipping suggests mild degenerative changes in the cartilage 
of the ankle joint and/or ageing.
G e n e r a l  c o n c l u sio n s
Measurement of all three bones are on the larger side if compared with Chinese 
males and females and therefore if Chinese I would suggests they were male. I'm 
afraid I have no data on Thai bones. The slight lipping of the bones of the joints 
suggests mild degenerative changes due to wear and tear or ageing. The muscle 
development does not appear unusual.
Donlon, D. 1990 Postcranial nonmetric variation in global populations of Homo 
sapiens. PhD thesis, University of New England, Armidale.
Denise Donlon
